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ETASTASIS in primary carcinoma of the lung, as in malignancies 

elsewhere, constitutes the most important single prognostie fac- 
tor. Its obvious significance lies in the fact that it forms an ineluctable 
hindrance to successful therapy. At present, primary carcinoma of 
the lung has a high incidence of metastasis at the time the diagnosis is 
made. This is clearly demonstrated by the discouragingly high inei- 
dence of inoperability. In an analysis of 100 cases, Overholt”® found 
that 62 per cent presented clinical manifestations of metastasis at the 
time of examination and only 14 per cent had no extrapulmonary ex- 
tension when surgery was instituted. Churchill’? found that in 155 
cases of primary lung cancer operation appeared feasible in fifty-two 
(33.6 per cent) and resection was possible in only twenty-seven (17.4 
per cent) of these. Of 106 cases observed by Brock,’® only thirteen 
(12.3 per cent) were considered deserving of exploration and, of nine 
of these which submitted to operation, only four were found operable, an 
inoperability incidence of 96.2 per cent. Similarly Edwards*' was able 
to salvage only six (3.5 per cent) patients out of 172 cases. Even in those 
eases which are considered suitable for exploration, the operability inci- 
dence is depressingly low. In a collected series of 139 cases” 1% 7% 7% 88 
only sixty-eight (49 per cent) were found operable; in our series® of 
thirty cases, nineteen (63.3 per cent) were operable. On the other hand, 
and this is an encouraging fact, a relatively large number of these lesions 
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are characterized by late and limited metastases. This is demonstrated 
by the fact that no metastasis was found in 10 per cent each of fifty 
autopsy cases studied by Rogers** and 327 by Moise*? and in 33.8 per 
cent of eighty cases reported by Neely.®* This should certainly indi- 
cate the possibility of increasing the incidence of operability and stimu- 
late interest toward this end by emphasizing the desirability of earlier 
diagnosis and earlier and more frequent exploration. The latter fae- 
tor was stressed in a previous publication® in which it was stated that, 
“it is our firm conviction . .. that borderline cases should always be given 
the benefit of exploration even at the risk of closing up a relatively 
large number without removing the tumor, because it is the only means 
by which operability can be absolutely determined in these instances.’’ 
The spread of cancer of the lung is also of significance from diagnostic 
and therapeutic standpoints. In the former instance a knowledge of 
the method of spread and the probable sites of metastasis may indicate 
the diagnosis. Not infrequently the first symptoms in primary ear- 
cinoma of the lung are manifestations of distant metastases. Thus in 
the fifty autopsy cases studied by Rogers,** this occurred in 44 per cent 
and in 9 per cent of the seventy-two cases analyzed by King.** More- 
over, in the latter series of cases the correct diagnosis was determined 
by biopsy of cervieal or axillary lymph nodes in 15 per cent. Similarly 
Lindskog*! reported that the correct diagnosis was made by biopsy of 
the supraclavicular lymph nodes in nine eases and the axillary in two 
of twenty-four proved eases. Obviously, the diagnostic importance in 
such instances lies in the indication of inoperability, but it serves to 
emphasize the value of realization of extension of pulmonary malig- 
naney. Perhaps of further diagnostic value is the aid which a knowl- 
edge of lung cancer spread may render in determining operability or 
inoperability by bronchoscopic and roentgenologic methods. The thera- 
peutic significance of the spread of lung cancer is more of a technical 
character. Thus, an accurate knowledge of the lymphatie drainage of 
the lungs permits a rational conception of the type of surgical procedure 
which should be instituted. That this is insufficiently appreciated is 
demonstrated by the fact that lobectomy is still advocated by some in 
spite of its irrational basis as will be shown later. It becomes apparent, 
therefore, that an adequate conception of metastasis and the methods 
of spread in primary pulmonary malignancy is of diagnostic, prognostic, 
and therapeutie importance and deserves serious consideration. 

The widespread distribution of metastasis in primary carcinoma of 
the lung is a characteristic feature. This is probably due to a number 
of factors, perhaps the most important of which are the invasive powers 
of the tumor, the ready and ample facilities for becoming blood borne, 
and the abundant lvmphatie supply of the lungs as well as the innumera- 
ble possible communications of these lymphatics with those of other 
areas. Possibly another factor in determining metastasis is the type of 
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carcinoma, the significance of which has been commented upon by a 
number of observers. <A discussion of the frequency and sites of metas- 
tases would perhaps best illustrate and serve to indicate the significance 
of these various factors. . 

The most frequent sites of metastatic involvement, as might be expected, 
are the regional lymph nodes in the peritracheobronchial and medias- 
tinal areas, clearly attesting to the importance of the lymphatie route 
of metastasis in primary carcinoma of the lung. According to Kikuth** 
the regional lymph nodes are involved in practically all eases. In 
Koletsky’s*® series of eighty-eight cases, these nodes were involved in 
seventy-three (82.9 per cent). A somewhat similar incidence was ob- 
served in the ninety-two cases analyzed by Halpert,*® and an even higher 
incidence (97 per cent) was reported by Olson™ in his series of sixty- 
seven eases. The unusually low incidence of 30 per cent reported by 
Miller and Jones® in their analysis of 808 collected cases is out of all 
proportion to those observed by others and is rather difficult to explain. 
In a series of 3,047 eolleeted eases!’ 4, 7, 8, 16, 20, 23, 25, 26, 30, 35, 37-39, 43-49, 
55, 58, 59, 66, 71, 79, 81, 88, 91, 95, 97, 98, 100 the regional lymph nodes were in- 


volved in 72.2 per cent (Graph I). 
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Graph I.—Graphic representation of the incidence of metastasis of primary carcinoma 
of the lung to various organs, based on 3,047 collected cases, 


The next most frequent site of involvement is the liver. In the 
808 collected cases reported by Miller and Jones® the liver was involved 
in 30.7 per cent. Jaffé*? found the liver involved in 36 per cent of 
100 cases; Koletsky,** in 40 per cent of 100 cases; and Frissell and 
Knox,*° in 48.7 per cent of thirty-nine cases. In the collected series of 
3,047 cases, metastasis to the liver occurred in 33.3 per cent (Graph I). 
This relatively high incidence of metastasis to the liver may be ex- 
plained on the basis of hematogenous or lymphatic extension, as will 
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be discussed later. The pleura and lungs form the next most frequent 
sites of metastases. In Jaffé’s*? series of 100 cases, extension to one 
or both lungs oceurred in 43 per cent, and in Probst’s” series of 
seventy-two cases this incidence was 33.3 per cent. Involvement of the 
pleura oceurred in fifty-two (13.9 per cent) of the 374 collected cases 
of Adler? and in 285 (35.5 per cent) of the 808 collected cases of 
Miller and Jones.®’ In our collected series involvement of the pleura 
oceurred in 29.8 per cent, and involvement of the lungs, in 23.3 per 
eent (Graph I). The frequeney of involvement of these organs is not 
surprising because their proximity is likely to lead to direct invasion. 
In addition to this method of extension, however, the lvymphatie and 
aerogenous routes probably play important roles in conveying the 
malignaney. The latter route is perhaps insufficiently appreciated as 
will be discussed below. 

There are some differences of opinion regarding the next most 
frequent sites of involvement, and apparently this depends to a great 
extent upon the thoroughness of examination at the autopsy table. 
Thus, in Adler’s’ series of collected cases the kidneys and bones were 
the next most frequently involved structures. <A similar observation 
was made by Ferenezy and Matolesy®® and by Miller and Jones.®° On 
the other hand, others?” *° have found the brain and adrenals the next 
most frequent sites of metastases. In our collected series these incidences 
were as follows: bone, 21.3 per cent; adrenals, 20.3 per cent; kidneys, 
17.5 per cent; brain, 16.5 per cent (Graph I). The relatively high in- 
cidence of metastases to these structures probably represents hematog- 
enous spread and is further evidence of the invasive powers of these 
tumors. The frequency of metastasis to the central nervous system is 
particularly interesting and is additional evidence of the hematogenous 
route of metastasis in primary pulmonary carcinoma. The clinical 
significance of this fact has been emphasized by Parker’ and more 
recently by Craig and his eco-workers,'* who state that they routinely 
obtain roentgenograms of the chest in all cases in which a neoplasm of 
the central nervous system is suspected. The lung usually acts as a 
barrier to metastases from other areas by filtering out tumor emboli.** 
However, when the lesion is primarily in the lung, no such barrier exists 
onee the tumor cells have invaded the blood vessels, and the route to 
intracranial implantation as well as to other organs such as the kidneys, 
adrenals, bones, ete., becomes direct. In the collected series, involvement 
of the heart and pericardium occurred in 12.7 per cent (Graph I). 
Perhaps the majority of these were due to direct extension. This is 
particularly likely to occur in lower lobe tumors. In one of the authors’ 
cases exploration revealed extension of the tumor in the lower right lobe 
to the heart, and subsequent microscopic study of the involved myo- 
eardium revealed almost complete destruction of muscle fibers and 
replacement by the tumor cells in the invaded area. 
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Metastases from primary carcinoma of the lung have been observed 
‘in numerous other structures, and in the collected series their incidences 
were as follows: pancreas, 7.3 per cent; peritoneum, 4.8 per cent; 
gastrointestinal tract, 4.3 per cent; skin, 3.6 per cent; spleen, 3.5 per 
cent; thyroid, 2.3 per cent; tonsil, 1.8 per cent; and tongue 1.6 per 
cent (Graph II). Other more unusual areas in which metastases have 
been observed are nasal septum, tip of the nose, bladder, left eye, gall- 
bladder, ovary, uterus, testicle, prostate, seminal vesicle, and skeletal 
muscles. These facts merely emphasize the wide-spread distribution 
of primary carcinoma of the lung. This is not surprising in view of 
the ready access of the tumor cells to the arterial circulation. 


Incidence of Metastasis in 3047 Collected 
Cases of Carcinoma & Lung 


Pancreas Peritoncum Skin Spleen Thyroid Tonsil Tongue 


Graph II.—Graphiec representation of the incidence of metastasis of primary carcinoma 
of the lung to various organs, based on 3,047 collected cases, 


Of particular interest is the occurrence of metastases to the skin 
and subcutaneous tissue. Some authors have recorded relatively high 
incidences. Grove and Kramer* found such metastases in 13.3 per cent 
of twenty-four cases; Maxwell and Nicholson,®® in 8 per cent of 100 
eases; and Arkin and Wagner,’ in 5.2 per cent of 135 cases. In a recent 
review of this subject, Carache' collected from the literature thirty 
(2.8 per cent) examples among 1,063 cases of bronchogenic carcinoma 
and reported another case. In our collected series metastases to these 
areas occurred in 3.6 per cent (Graph II). Maxwell and Nicholson*® 
stated that the nodules were small and shotty, usually less than 2 em. 
in size and commonly distributed over the front and back of the 
chest and shoulders and the anterior abdominal wall surrounding the 
umbilicus. They emphasized the significance of these nodules and 
stated that lung cancer should always be considered as the possible 
primary source in cases in which metastases are found in the skin and 
subcutaneous tissue. As regards the mode of spread, Maxwell and 
Nicholson®® believed that whereas the lymphatics may be the possible 
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pathway, because in one case the majority of these nodules were in 
the sealp, the hematogenous route is the more likely one. 

The preponderance of metastases to the regional lymph nodes clearly 
attests to the significance of the lymphatic route in primary earcinoma 
of the lung. Of further significance in this connection is the determina- 
tion of the extent of the spread of cancer from the lung by this route. 
This could perhaps best be ascertained by determining the frequency 
and site of lvmph node metastases. Apparently most authors have 
devoted little attention to this phase of the subject, and in the reported 
post-mortem studies these details have been frequently omitted. Per- 
haps to some extent this has been due to lack of interest and possibly to 
the pathologists’ view that such details are of no value. However, it 
was possible in a review of the literature to collect 1,298 cases’ * * 2% %» 
42, 46-49, 59, 66, 71, 79 81, 84,100 in which the metastatic sites to lymph nodes 
were stated. In this series of cases the tracheobronchial nodes, as 
would be expected, were the most frequently involved (Graph III). 
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Graph III.—Graphic representation of the incidence of metastasis of primary car- 
cinoma of the lung to various lymph nodes, based on 1,298 collected cases. 


Amazingly enough, the next most frequently involved nodes were the 
abdominal, oceurring in an ineidence of 20.7 per cent (Graph ITI). 
In Stein and Joslin’s® series of 100 cases, the retroperitoneal nodes were 
involved in 27 per cent, the mesenteric in 26 per cent, the supra- 
elavicular in 9 per cent, the cervical in 6 per cent, and the axillary 

5 per cent. The fact that the incidence of involvement of these 
nodes is higher than that of the cervical (17.4 per cent) is, at first 
glance, surprising, but upon closer study of the lymphatic communica- 
tions it becomes more conceivable. The next most frequent sites of 
lymph node metastases in the collected cases were as follows: retro- 
peritoneal, 8.1 per cent; iliac, 6.8 per cent; axillary 6.6 per cent; peri- 
pancreatic, 6.5 per cent; supraclavicular, 4.2 per cent; peribiliary, 
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3.1 per cent; submaxillary, 3 per cent; and femoroinguinal, 2.2 per 
cent (Graph III). Grove and Kramer*® also recorded perigastrie and 
periesophageal lymph node involvement in respective incidences of 9.5 
per cent and 4.8 per cent of twenty-one eases. The relative frequency- 
of involvement of such far removed lymph nodes as those of the iliac 
and femoroinguinal groups is additional evidence of the importance of 
the lymphatic route of extension in primary carcinoma of the lung. Of 
further interest, particularly in view of the two eases reported below, 
is the relatively high incidence of axillary node involvement. This 
incidence in the collected cases was even higher than that of the supra- 
elavicular nodes which at first glanee might be considered the more 
likely seat of involvement because these nodes are less far removed 
from the original focus. 

From the previous discussion, it becomes apparent that the incidence 
of metastases in primary carcinoma of the lung is relatively high and 
the sites of involvement unusually widespread. It would seem that no 
part of the body is immune to metastatic invasion. As previously stated, 
this is probably due to a number of factors such as the character of 
the tumor, the ready access to the systemic circulation, the lack of a 
filtering barrier, and the abundant lymphatic communications. Where- 
as these facts would seem to indicate a relatively hopeless outlook from 
the standpoint of surgical therapy, it should he realized that the high 
incidences of metastases reported above are based upon autopsy cases 
in which the lesion is obviously well advanced. The fact, however, that 
the overwhelming preponderance of metastases is to the regional lymph 
nodes is highly significant because it clearly emphasizes the importance 
of their extirpation and points unwaveringly to the necessity of perform- 
ing the only procedure, total pneumonectomy, which permits their 
removal. 

Because of the frequency of metastases in primary carcinoma of the 
lung and their surgical significance, it is considered desirable to review 
the modes of extension. These may be listed as follows: (1) direct 
extension, (2) bronehial intraluminal extension, (3) implantation by 
aspiration biopsy or operation, (4) hematogenous, and (5) lymphatic. 

Direct invasion of contiguous structures is obviously a frequent 
method of metastatic extension in primary carcinoma of the lung, as in 
malignancies elsewhere. However, the relative significance of this method 
of spread in lung cancer is considerably greater than in carcinoma 
of other organs. This is due to the inherent anatomic characteristics 
of this area. The contiguous structures in this area are vital organs, 
such as the heart and large hilar blood vessels, which cannot be extir- 
pated if invaded. Similarly, involvement of the trachea and esophagus 
signifies inoperability. Moreover, invasion of the blood vessels permits 
more widespread dissemination by the systemic circulation. Direct 
invasion of these blood vessels by the tumor has been observed repeatedly 
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and is a well-known fact. Boyd’ stated that in every case he studied 
in which distant metastasis occurred he was able to find invasion of 
the blood vessel wall by tumor cells or the presence of a tumor embolus 
within the lumen. Undoubtedly, in the majority of cases of metastatic 
involvement of the pericardium, heart, trachea, esophagus, and even ribs 
metastasis has occurred by direct extension of the tumor. 


An insufficiently realized method of spread in carcinoma of the 
lung is by bronchial intraluminal extension or the so-called aerogenous 
route. This mode of metastasis, which Letulle and Jaquelin®® have 
termed ‘‘métastases aériennes’’ and which in a previous publication”? 
was referred to as ‘‘bronchial embolism,’’ is perhaps a more important 
method of extension than is generally considered. In 1924, Letulle 
and Jaquelin®® directed attention to this means of dissemination and 
reported a case in which the primary lesion was on the right side and 
in which metastasis occurred on the opposite side. On the basis of 
their studies they believed that the metastatic involvement resulted 
from implantation of the tumor cells transmitted by the intrabronchial 
route. Lumsden®’ refers to this as surface spread; in his series of 100 
cases Koletsky** observed eight in which aerogenous transmission was 
present. In Moise’s® series there were four cases with this type of 
extension. In a previous communication a ease was reported in which 
pneumonectomy was performed and in which intrabronchial extension 
of the lesion was observed. This method of extension is probably re- 
sponsible in many instances for peripheral involvement of the same 
lung or the opposite lung in those eases in which the primary lesion 
originates proximally. 

Metastatic extension in primary carcinoma of the lung by implanta- 
tion following aspiration biopsy or operation is still another, although 
infrequent, method of spread. Aspiration biopsy has been suggested 
as a procedure for establishing the diagnosis when other methods have 
failed.** 8° In a previous publication” attention was directed 
to the danger of this procedure by implanting metastases in the unin- 
volved tissues through which the aspirating needle passes. That this is 
not only a possibility but a probability is evinced by a case reported 
by Dolley and Jones,'® in which a metastatic nodule developed in the 
thoracie wall after aspiration of pleural fluid. Implantation of tumor 
cells in the wound is also possible at the time of operation, and for 
this reason every attempt should be made to prevent such an occurrence. 

The hematogenous route of metastasis is perhaps the most important, 
not only because of its frequency, but because it is usually responsible 
for the presence of widespread distribution. Metastatic involvement 
of such organs as the brain, the kidneys, the adrenals, the bones, and the 
liver is probably in the majority of cases due to hematogenous spread. 
As previously stated, such widespread distribution of metastases is more 
likely to oceur in primary carcinoma of the lung than in malignancies 
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of other organs because the filtering barrier in the former type of lesion 
is absent. When tumor cells of other malignancies invade blood vessels 
and become blood borne, they are usually filtered out in the small 
capillaries of the lungs where they lodge as emboli and are either. 
destroyed or grow to form metastatic tumors. Obviously, if the tumor 
originates in the lung, those cells which invade blood vessels are likely 
to reach the pulmonary veins and thus enter the arterial circulation 
which permits a direct pathway to distant organs. There is considerable 
evidence to support this concept. As early as 1903, Schmidt*’ directed 
attention to the frequency of cancer cells within the pulmonary vessels. 
Sinee then, numerous investigators have repeatedly observed the pres- 
ence of tumor cells in the lumina and walls of the blood vessels of 
variously involved organs in primary carcinoma of the lung. The fact 
that this was invariably present in the cases studied by Fried?’ led 
him to the conelusion that this was the essential manner of dissemina- 
tion in bronchogenic carcinoma. Boyd’ stated that in every ease in 
his series in which there was distant metastasis, he found evidence of 
invasion of the blood vessel wall by tumor cells or the presence of a 
tumor embolus within the lumen. In the three cases in which there 
was no distant visceral metastasis, there was no evidence of blood vessel 
invasion. Further support of hematogenous dissemination is given by 
the observations of Simpson,*' who found thrombosis of the veins by 
tumor cells in twenty-four of 139 cases. Thrombosis occurred as fre- 
quently in the vessels of the lower extremity as in those of the upper. 
In one ease, there was thrombosis of the right retinal vessels which was 
associated with sudden onset of blindness in this eve. Simpson found 
that the pulmonary veins were frequently affected both by thrombosis 
and direct invasion of the growth. Similar observations have been made 
by numerous others.‘* *% % As emphasized by Fried and 
Buckley” the frequent occurrence of cerebral metastases in primary ear- 
cinoma of the lung is further corroboration of the hematogenous route of 
dissemination. They found metastasis to the central nervous system in 
fifteen of thirty-seven patients with bronchogenic cancer. In comment- 
ing upon this phenomenon they stated: ‘‘It is interesting that a pul- 
monary abscess is more often complicated by a metastatic cerebral 
abseess than are abscesses of other organs. It is likely, then, that the fre- 
quent occurrence of metastases to the brain from a pulmonary abscess 
and a pulmonary carcinoma is not a mere coincidence, but is due to the 
same underlying factor; that is, a hematogenous transmission to the 
brain of a ‘pus embolus’ analogous to the transmission of a carcinomatous 
‘eell embolus.’ ’’ They made detailed pathologie studies of their fifteen 
cases and observed: ‘‘Tumor cells invaded the walls of vessels, of any 
caliber, projected into the lumen and frequently formed a new lining for 
the vessel. A thrombus composed of tumor cells and of blood elements 
often formed and became organized and canalized, and the canaliculi 
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themselves then became lined with tumor cells. .. . Likewise emboli made 
up of tumor cells were present in vessels of all calibers. Apparently, 
tumor emboli passed directly to the heart and from there into the 
general circulation, forming also metastases in distant visceral organs.’’ 
From these observations it becomes obvious that the hematogenous route 
of metastatic dissemination in primary carcinoma of the lung is present 
with significant frequency. 

The importance of the lymphatic route of metastasis in primary ear- 
cinoma of the lung is emphasized by the overwhelming preponderance 
of the frequency of regional lymph node involvement. This is clearly 
demonstrated by the fact that in the statistical analysis of the cases 
reported above, these nodes were involved in well over 70 per cent. The 
transmission of carcinoma by the lymphatic route has long been known. 
Handley*’ has shown that this may occur in two ways: (1) By permea- 
tion, in which the tumor cells after reaching the lymph vessels grow 
within the lumen extending along the lymph stream (orthograde ‘‘in- 
feetion’’) as a result of their ‘‘internal pressure from their own pro- 
liferation.’’ If the lvmph vessel is blocked by fibrosis or by external 
pressure, the cancer cells proliferate against the lymph stream (retro- 
erade ‘‘infection’’), and (2) by transportation, in which the tumor 
cells after reaching the lymph vessels may break off, and by following 
the lymph stream produce cell emboli. Undoubtedly, both of these 
methods oceur in primary carcinoma of the lung. The abundant lym- 
phatie supply of the lungs considerably facilitates this method of 
spread. This is clearly demonstrated by the frequent demonstration of 
tumor cells within the lumen of the lymph vessels of the lungs in 
bronehogenie carcinoma. 

Because of the importance of lymphatic dissemination in primary 
carcinoma of the lung and its surgical significance it is considered desir- 
able to describe succinctly the lymphatic system of this area. Accord- 
ing to Miller,** the lungs are provided with an abundant supply of 
lymphaties which is even greater than that of the liver, spleen, or 
kidneys. The pulmonary lymphatics may be divided into two major 
groups: (1) the superficial which is situated in the visceral pleura, 
and (2) the deep which accompanies the bronchi, and the pulmonary 
vessels. Miller stated that there are two sets of lymphatics in the 
larger bronchi which ‘‘are so arranged that they enclose the cartilages 
and are connected with each other,’’? while the smaller bronchi have 
only a single plexus. At the distal end of the ductuli alveolares the 
latter plexus terminates by joining the lymphatics of the pulmonary 
veins. Accordingly, there are no lymphatics in the alveoli beyond the 
ductuli alveolares. The lymphatics of the pulmonary artery consist of 
one or more main trunks and a connecting network surrounding the 
vessel and accompanying it throughout its ramifications. There are 
communications between these lymphaties and those of the bronchi at 
the sites of bronchial divisions and at the dist. end of the ductuli 
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alveolares. The flow of lymph in both of these sets of deep lymphaties, 
i.e., the bronchial and arterial, is distalward and away from the hilum. 
The lymphaties of the pulmonary veins consist of a plexus which be- 
comes increasingly complex as it accompanies the veins from their 
origin toward the hilum. These lymphaties begin to be associated with 
the veins at the distal end of the ductuli alveolares, the pleura, and the 
bronchial divisions. Communications are present between these lym- 
phaties and those of the bronchi and pleura. The lymph flow in the 
lymphaties of the pulmonary vein is toward the hilum. The pleural 


Pulmonary Lymphatic Regions 


CRouvi€re) 


----' Left tatero-tracheal chain 


Intertrachceo- 
bronchial nodes 


Fig. 1—Diagrammatiec representation of lymphatic drainage of the lungs (after 
Rouviére). 


lymphaties consist of a single plexus having an irregular polyhedral 
arrangement. These vessels are provided with valves which prevent 
the flow of lymph into the deep lymphatics of the lung. Communiea- 
tions between these lymphatics and those of the pulmonary vein (deep 
set) exist just beneath the pleura. The flow of lymph in the pleural 
lymphaties is toward the hilum. The collecting trunks of the pleural 
lymphaties and those of the pulmonary veins eventually enter the 
tracheobronchial lymph nodes. According to Rouviére,®* the collecting 
trunks of these lymphaties may be divided into three principal regions, 
depending upon the lung areas drained: (1) superior, (2) middle, 
and (3) inferior (Fig. 1). On the right side the superior lymphatic 
region is formed by the anteromedial portion of the upper lobe, and 
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the collecting vessels of this area drain into the right laterotracheal 
lymph nodes. The posterolateral portion of the upper lobe, the entire 
middle lobe, and the superior part of the lower lobe comprise the middle 
lymphatic region, and the collecting vessels of this area drain into the 
right laterotracheal and intertracheobronchial nodes. The lower part 
of the inferior lobe forms the inferior lymphatic region, and the collect- 
ing lymphaties of this area drain into the intertracheobronchial nodes. 
A somewhat similar condition exists on the left side. The superior and 
larger part of the upper lobe forms the superior lymphatie region on 
this side and the lymph-collecting vessels of this area are drained into 
the left laterotracheal and anterior mediastinal chain of nodes and the 
subaortie and ductus arteriosus nodes. The smaller inferior part of the 
upper lobe and the superior and middle portions of the inferior lobe 
comprise the middle lymphatic region. The collecting vessels from this 
area drain into the anterior mediastinal, left laterotracheal, and inter- 
tracheobronchial nodes. The inferior part of the lower lobe forms the 
inferior lymphatie region, and its lymphaties drain into the inter- 
tracheobronchial nodes. Therefore, it may be observed that the col- 
lecting vessels of the three lymphatic regions of the lungs eventually 
drain into the various peritracheobronchial groups of nodes. However, 
it should be realized that the efferent lymphatic trunks from these nodes 
also have characteristic pathways. Thus, the efferent vessels of the inter- 
tracheobronchial nodes drain into the right lateral group of nodes and 
thence to the right jugulosubelavian venous confluence whereas the 
left anterior mediastinal and left laterotracheal chain divert the lymph 
flow to the left jugulosubelavian venous confluence. Accordingly, the 
lymphatic drainage of the inferior part of the upper left lobe and the 
lower left lobe as well as the entire right lung is to the right jugulo- 
subelavian venous confluence. A further pathway of lymph drainage 
from the lungs exists in the ligamentum latum pulmonis which extends 
from the lower lobes of both lungs. Rouviére stated that these lymph- 
collecting vessels reach a retroesophageal supradiaphragmatie node and 
that this node is ‘‘connected by an efferent transdiaphragmatic trunk 
to an abdominal juxta-aortic node.’’ This would explain metastases 
to the retroperitoneal and abdominal nodes in carcinoma of the lung. 
Of particular significance, because of the frequency of pleural ad- 
hesions in pulmonary malignaney, is the lymphatic drainage of the 
parietal pleura. These lymphatics may be considered under two groups 
—(1) those of the diaphragm and (2) those of the thoracic wall. The 
lymphatic vessels of the supradiaphragmatic networks consist of a super- 
ficial and a deep set, the former emptying into the latter. The collect- 
ing trunks of these lymphaties in the anterior region empty into the 
lateral prepericardiac nodes and thence by the internal mammary 
lymphatic pathway to the jugulosubeclavian venous junction or by 
accessory pathways into anterior mediastinal nodes on the left side and 
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posterior mediastinal nodes on the right. Of greater importance, how- 
ever, are the pathways of the collecting vessels of the posterior regions 
of the diaphragm. These trunks traverse the diaphragm, form con- 
nections with the subperitoneal infradiaphragmatie lymphatics, and 
terminate in the intra-abdominal, juxta-aortic nodes and those around 
the abdominal part of the esophagus. Moreover, as stated by Rouviére 
‘‘the lymphatics of the diaphragm are in relation with those of the liver 
not only because some lymphatic trunks of the liver traverse the 
diaphragm to empty into certain intrathoracic nodes, but also 
because some lymphatics of the liver after having traversed the dia- 
phragm become continuous with the lymphaties of the diaphragmatic 


subpleural network. ... The lymphatics of the diaphragm are also in 
connection with those from the adipose capsule of the kidney and 
suprarenal gland, and. . . the subperitoneal network of the diaphragm is 


continuous with that of the adjacent peritoneum.’’ It should be real- 
ized that lymph vessels are present in pleural adhesions.®* Accordingly, 
the presence of pleural adhesions between the inferior surface of the 
lung and the diaphragm permits the extension of lymphatic metastases 
from lesions of the lung to nodes in the anterior and posterior medias- 
tinal and intra-abdominal and retroperitoneal areas as well as to various 
intra-abdominal organs. 

The lymphaties of the pleural dome and of the costal and mediastinal 
parietal pleura are also significant because of lymphatie communica- 
tions through pleural adhesions. The lymphatie vessels of the costal 
pleura empty into the subpleural lymph vessels which drain the inter- 
costal muscles and are thus divided by the midaxillary line into the 
posterior region drained by the posterior intercostal nodes and the 
anterior region drained by the internal mammary nodes. However, 
in addition to this Rouviére*® divided the lyvmphaties of the costal pleura 
and the pleural dome into three regions: (1) the first is comprised by 
the parietal pleura covering the first costal arch and intercostal space 
and the entire pleural dome. ‘‘The collecting vessels from this region 
reach the superior aperture of the thorax, and generally terminate 
either in a node of the transverse cervical or internal jugular chain—in 
the subelavian lymph trunk or in a mediastinal lymph trunk. Occa- 
sionally, the most anterior of these collecting vessels emerges from the 
thorax in front of the subclavian, crosses the superior surface of the 
first rib, descends to the axilla and terminates in one of the wppermost 
nodes of the axillary region.’’*> (author’s italics) (2) The second lym- 
phatie region includes an area extending from the second rib above to 
the fourth rib below, inclusive, with its anterior and posterior bound- 
aries corresponding to those of the medial wall of the axilla. In addition 
to the lymph-collecting vessels in this area which drain into the posterior 
intercostal nodes and internal mammary nodes, there are those (greater 
in number) which traverse the thoracic wall to terminate in the axillary 
nodes. There has also been observed by Most®* a lymphatic vessel 
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originating in the subpleural space ‘‘at the level of the fourth or fifth 
rib which ran across the intercostal muscles to proceed to the axillary 
nodes.’’ (3) The third lymphatic region includes an area similarly 
bounded anteriorly and posteriorly as the second region and extends 
from the lower border of the fourth rib above the lower border of the 
sixth rib below. The lymph-collecting vessels in this area may likewise 
drain into the axillary nodes. 

In view of the cases herein reported, the following statement by 
Rouviére® is particularly significant: ‘‘It was supposed for some time 
that there exist lymphatie connections between the thoracie cavity and 
the axillary nodes. ‘These lymph glands,’ says Cruikshank, ‘un- 
doubtedly received the lymphaties from the chest cavity, because they 
become swollen following attacks of pleurisy, pneumonia, and pulmo- 
nary tuberculosis.’ Sanchez, Toldero, Olympitis, Allard, Fernet, and 
Boit and Kénig have also been impelled to the admission by clinical 
observations as well as experimental work, that pulmonary tubereu- 
losis may extend to the axillary nodes. Even if this propagation occurs 
in certain cases, in a retrograde manner by passing successively the 
bronchial, mediastinal, and supraclavicular nodes, it is probable that 
the normal path followed by an infection is a direct one, and passes 
first, across the pleural adhesions which unite the parietal pleura to the 
lung (and in which Talke®* was able to observe newly formed lymphatic 
capillaries and vessels) and then, across the thoracic wall by the lvm- 
phatie vessels which I have just deseribed.’’ 

From this brief description of the lymphatie system of the lungs and 
pleura and their abundant communications, it is evident that there are 
ample pathways for the widespread dissemination of metastases from 
bronehogenie carcinoma. Moreover, in the presence of pleural adhesions, 
which exist in the majority of cases, rather bizarre patterns of exten- 
sion may occur. That such a distribution does occur is clearly demon- 
strated by the statistical analysis of lymph node metastasis presented 
above. Thus, in the collected series of lung cancer, metastasis occurred 
to such far removed lymph nodes as the abdominal, retroperitoneal, 
femoroinguinal, and axillary groups in incidences varying from 6 per 
cent to 20 per cent (Graph IIT). The two eases reported below are also 
examples of this type of spread. 

The foregoing description of the lymphatic system and drainage of 
the lungs is of particular surgical significance. It will be recalled 
that the lymphatie drainage of the lung lobes does not conform to the 
anatomie divisions of these lobes. Thus, the lymphatic drainage of the 
upper part of the left superior lobe is entirely different from that of 
the lower part of this lobe. The former area drains into the left latero- 
tracheal nodes, and the latter area drains into the intertracheobronchial 
nodes (Fig. 1). Accordingly, the performance of a lobectomy for a 
carcinoma of the upper left lobe would be absolutely irrational. Where- 
as such a procedure might permit the removal of involved intrapulmo- 
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nary nodes, it would not allow the removal of the possibly involved 
intertracheobronchial nodes. It becomes obvious, therefore, that the 
only rational procedure is one which would permit the extirpation not 
only of the primary lesion but also of all the regional lymph nodes 
which drain that area. Total pneumonectomy is the only procedure 
which fulfills these desiderata. 

In addition to the foregoing factors which influence the frequency 
and site of metastases in primary carcinoma of the lung, the location and 
character of the tumor have been eensidered significant. Experimentally, 
Tuttle and Womack® observed that particulate matter injected into the 
periphery of the lung spread to the regional lymph nodes much more 
rapidly than that injected in the wall of a major bronchus. Realizing 
the significance of this striking observation, they then attempted to 
determine if carcinoma cells behaved in a similar manner. They found 
at autopsy that those patients whose first symptoms were from the 
metastatic lesions rather than from the lung had peripherally located 
usually small lung tumors. Moreover, it was found that those patients 
with bronchoscopically visible tumors had an average duration of life 
of 33.9 months after the onset of the first symptoms, whereas those 
whose tumors were not bronchoseopically visible lived 13.7 months. In 
their opinion several factors may account for the apparent fact that 
peripherally located tumors are more likely to metastasize early: ‘‘in- 
creased motion of the lung with massage and pressure changes, greater 
vascularity, and blood vessels with extremely thin walls, and perhaps 
to a certain extent the cartilaginous barrier of the larger bronchi.’’ 

Numerous investigators have directed attention to the character of 
the tumor as significant in metastatic tendency. Fried? observed that 
soft cellular tumors metastasize more readily than tumors of firmer con- 
sistency. Boyd’ was unable to trace any connection between the degree 
of cellular differentiation and the tendency to metastasize. He found 
that the most anaplastic tumors may remain confined to the lung whereas 
the most fully differentiated growths may become widely disseminated. 
On the other hand, Klotz*’ made the observation that epidermoid bron- 
chial tumors had a striking tendeney to extend by local and regional 
invasion. He found that there was only one ease of a well-differentiated 
epidermoid growth which had given rise to widely disseminated metas- 
tases. He stated that these facts indicate that squamous cell tumors 
offer the best prognosis as far as surgical intervention is concerned. 
Similar observations have been made by others.** °' Koletsky** found 
that there was a distinct difference in the tendency to metastasis depend- 
ing upon the cell type. Thus the small cell carcinomas were found to 
be vigorously metastasizing tumors, whereas the squamous cell ear- 
cinomas were infiltrating, relatively nonmetastasizing tumors. More- 
over, the former type had a tendency to produce widespread dissemi- 
nation by the lymphatic route while the adenocarcinomas were more 
likely to invade the blood vessels and produce widely distributed metas- 
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tases by the hematogenous route. In Koletsky’s*® series of thirty-three 
cases of small cell carcinoma all had lvmph node involvement ; of thirty- 
six cases of squamous cell carcinoma, 66 per cent had lymph node in- 
volvement; and, of nineteen cases of adenocarcinoma, 84 per cent had 
lymph node involvement. Extrathoracie dissemination occurred in only 
35 per cent of the squamous cell carcinomas whereas this was present in 
89 per cent of the small cell carcinoma and 86 per cent of the adeno- 
carcinomas. The incidence of metastases to such organs as the brain, 
adrenals, kidneys, spleen, and bone was definitely higher in each case 
in the adenocarcinoma type than in the small cell carcinoma type. On 
the basis of these observations, Koletsky coneluded that the squamous 
cell carcinoma because of its slowly growing locally invasive character 
“‘offers the most favorable prognosis for complete resection.’? The small 
eell carcinomas and the adenocarcinomas offer a much less favorable 
prognosis. Somewhat similar conclusions were reached by Arkin and 
Wagner.’ Further support of these observations is given by the find- 
ings of Tuttle and Womack®’ who attempted to determine the prognosis 
on the basis of cellular differentiation of the tumors. Accordingly, they 
grouped the better differentiated tumors as grade 1 and the less differ- 
entiated tumors as grades 2 and 3. They found that the average 
duration of life after the onset of symptoms was 22.6 months for grade 1 
tumors, sixteen months for grade 2, and 12.8 months for grade 3. Of 
particular interest in this connection is the average duration of the vari- 
ous types of lung cancer as observed by King.** In this author’s series, 
this period was 9.6 months for squamous cell carcinoma, 7.5 months for 
the adenocarcinomas, and 5.6 months for the oat cell or undifferentiated 
earcinomas. Rabinoviteh*! and his co-workers also found that the tend- 
ency to metastasis depended upon the cell type. In a more recent ex- 
tensive study of 158 histologically proved cases of primary carcinoma 
ot the lung, Gebauer*? came to conclusions similar to those of Koletsky.** 
On the basis of these observations it becomes evident that the location 
and character of the lesion are important factors in influencing metasta- 
sis and consequently are of definite surgical significance. 

From the foregoing discussion it may be readily observed that metasta- 
sis in primary carcinoma of the lung has a definite surgical significance. 
The relatively high incidence of metastasis and the tendeney to wide- 
spread distribution militate against increasing the incidence of opera- 
bility and consequent curability. On the other hand, metastasis in 
some instances, and this would seem to depend upon the character and 
location of the lesion, is late and limited to the regional nodes. For 
these reasons it is important from the standpoint of prognosis and sur- 
gery to determine the type of lesion, its location, and presence of demon- 
strable metastases. The type of lesion can be ascertained in approxi- 
mately 70 per cent of the cases by bronchoscopic biopsy. If the lesion 
is of the squamous cell variety, the chances of resectability are greater. 
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The location of the lesion can be determined with a fair degree of certi- 
tude by roentgenographie visualization and body-section radiography.” 
Hilar lesions are likely to metastasize later than peripherally located 
lesions although the former by infiltration and invasion of hilar strue- 
tures may produce inoperability. An adequate knowledge of the meth- 
ods and routes of spread in carcinoma of the lung is also extremely im- 
portant. Realization of the relative incidences of metastatic involve- 
ment of the various sites and a knowledge of the lymphatie drainage of 
the lungs permit a more careful examination of the patient and a more 
thorough determination of the presence of metastasis. Thus, for exam- 
ple, the -fact that in the collected series from one-fifth to one-sixth of all 
autopsy eases of primary carcinoma of the lung have metastasis to the 
brain clearly demonstrates the necessity of a careful neurological exam- 
ination of all patients in whom the operability of such a lesion is being 
determined. Similarly, the fact that in the collected cases the super- 
ficial lymph nodes are involved in from 5 to almost 20 per cent of the 
cases emphasizes the necessity of careful examination of these areas in 
all these patients. Moreover, an adequate knowledge of the lymphatic 
drainage of the lungs permits a rational conception of the type of sur- 
gical procedure which should be instituted. Thus, on the basis of the 
lymphatie drainage of the lungs as described above, lobectomy should 
never be performed for primary carcinoma of the lungs. The only 
rational procedure is total pneumonectomy because it permits the re- 
moval not only of the primary lesion but also of all the regional lymph 
nodes which may be involved. It is therefore evident that an adequate 
conception of metastasis and the methods of spread in primary eareinoma 
of the lung is of diagnostic, prognostic, and therapeutic significance. 

The surgical importance of recurrence and metastasis in carcinoma of 
the lung is illustrated by the results obtained following operation. In 
a previous publication®’ we reviewed eighty-three collected cases of total 
pneumonectomy for primary pulmonary malignancies including ten of 
ours which recovered following operation. Follow-up data were avail- 
able in sixty-seven of these cases. It was found that forty-seven (70.1 
per cent) of these patients were still living and twenty (29.8 per cent) 
were dead. Of the latter, 70 per cent died of recurrence. In our series 
there were three patients who died ten months, nine months, and three 
months, respectively, after operation. In two of these, the cause was 
definitely recurrence, and in the other this was probable. 

We have since had two other cases that developed metastasis follow- 
ing operation. Of particular interest in both cases is the fact that 
metastasis occurred to correspondingly similar sites, although the pri- 
mary lesions were in different lobes. Thus, in Case 1, metastasis was in 
the left axillary area and the primary lesion was in the left upper lobe, 
whereas in Case 2 metastasis occurred in the right axillary area although 
the primary lesion was in the right lower lobe. In the former case the 
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metastatic involvement appeared approximately six months after opera- 
tion, and in the latter, about seven months following pneumonectomy. 
Of interest also is the fact that in the former case the tracheobronchial 
lymph nodes, which grossly seemed to be involved, revealed no metasta- 
sis on microscopic examination. In the latter ease these nodes proved to 
be involved on histologic examination. Whether this fact is significant 
in explaining the difference in the period which elapsed between the 
original operation and the appearance of metastatic involvement is a 
matter of conjecture. Of interest also is the fact that in both eases the 
original lesion was of the squamous cell variety, which, as has been 
previously discussed, is less likely to produce widespread dissemination 
and has a greater tendency to produce regional invasion. In explain- 
ing the modes of spread in these cases there are three possibilities to 
consider: (1) hematogenous route, (2) implantation by operation, and 
(3) lymphatie extension. The first route of metastasis is the least likely 
because on microscopic examination of the metastatic areas there was 
evidence of lymph vessel involvement. Moreover, the hematogenous 
route would have a tendency to produce other areas of involvement, and 
in both eases, as well as could be determined, there was no evidence of 
metastasis in any other areas. Obviously, this does not completely ex- 
clude this possibility. The second possible mode to consider, i.e., im- 
plantation following operation, is also improbable. If this were true, 
the metastatic lesions should have been located in the region of the 
wounds. In both eases the lesions were situated high in the axillae suf- 
ficiently far removed from the wounds to make this unlikely. The 
microscopic slides of the original and the metastatic growths were stud- 
ied by Halpert,** who described the morphologic appearances as pre- 
sented and classified them as squamous cell carcinoma. This investi- 
gator, who has made intensive studies of the pathology of primary ear- 
cinoma of the lung, stated that in his opinion, ‘‘the growths were exten- 
sions by way of tissue spaces and lymph channels and as far as could 
be ascertained not the result of implantation during the operative pro- 
cedure.’’ Since it would seem that in both of these cases the metastases 
occurred via the lymphatics, it would be interesting to speculate upon 
the possible pathways. There are several possible routes of extension 
from the lungs to the axillary nodes as has been deseribed above. One 
is along the lateral tracheobronchial nodes to the jugulosubelavian con- 
fluence and then by retrograde extension along communications with the 
cervical, supraclavicular, and axillary nodes. The fact that there were 
no nodes involved in the cervieal and supraclavicular areas in both cases 
makes this route less likely. Another route is through communications 
of the tracheobronchial and anterior or posterior mediastinal, then 
through the perforating intercostals anteriorly with the internal mam- 
mary group or posteriorly with the posterior intercostal or paravertebral 
group, and then along the lymphatics of the soft tissues of the chest wall 
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to the axillary nodes. Again the fact that there were no intermediary 
nodes involved and the fact that this would also be retrograde extension 
make these possibilities less likely. The more probable route of exten- 
sion in both of these cases is the more direct route as described above 
according to Rouviére.** This route would be along lymphatics passing 
through adhesions, which were present in both eases, extending from the 
lung to the chest wall and then traversing the chest wall to terminate 
in the axillary nodes. 


CASE REPORTS 


CasE 1.—A white male, aged 45 years, was admitted July 21, 1939, with the 
chief complaint of pain in the chest. The patient had been particularly healthy 
except for a ‘‘cigarette cough,’’ until approximately one year ago. At this time 
he began to complain of loss of energy, but this was not associated with loss of 
weight. On March 4, 1939, he developed influenza and was ill for about three weeks. 
Following this, he improved somewhat, and then on April 15, 1939, he began to 
complain of pain in the left chest and his physician made a diagnosis of pneumonia. 
Because of the persistence of these symptoms and roentgenoscopic findings, a diag- 
nosis of ‘‘unresolved’’ pneumonia was made. During this period he lost about 15 
pounds in weight. He was then admitted to the hospital on June 22, 1939, for 
bronchoscopy which revealed no abnormalities. He was discharged on June 24. 
The patient’s condition showed no improvement, and he was readmitted to the 


hospital approximately one month later. 


Physical examination showed a well-developed, white male of sthenie habitus, 
about 45 years of age, intelligent and cooperative, and apparently not acutely ill. 
There were no gross abnormalities on inspection, no lymphadenopathy, and normal 
reflexes, Temperature was 98° F.; pulse rate, 80 per minute; respiration rate, 20 
per minute; and blood pressure, 110/80. 

The significant findings were limited to the chest and these consisted of dullness 
on percussion posteriorly just below the clavicle and decreased resonance and breath 


sounds in this area. 

Laboratory Examinations.—Urinalysis showed no abnormalities. The Wasser- 
mann reaction was negative. R.B.C. was 4,430,000; hemoglobin, 80 per cent; 
W.B.C., 17,000; neutrophiles, 76 per cent; small mononuclears, 20 per cent; large 
mononuclears, 2 per cent; eosinophiles, 2 per cent. Blood chemistry was normal. 
Sputum and stool examinations were negative. Stomach washings were negative. 
Roentgenoscopic examination showed an irregular hilar shadow on the left side and 
a slightly increased density of the left upper lobe. 

A tentative diagnosis of carcinoma of the left lung was made and exploration 
advised. Following appropriate preoperative preparation including left pneumo- 
thorax, operation was performed on July 24 under cyclopropane anesthesia. The 
left pleural cavity was entered through the bed of the resected third rib anteriorly 
as previously described.67 Numerous adhesions were found between the upper lobe 
and parietal pleura, A firm mass near the hilum involving the left upper lobe was 
readily palpable. Pneumonectomy was then performed by individual isolation and 
ligation of the hilar structures as previously described.67, 68 The mediastinal lymph 
nodes were carefully removed, and some of these seemed to be involved. The wound 
was closed without drainage, and the patient left the operating room in good eon- 
dition. 

The patient’s postoperative course was uneventful, and he was discharged from 
the hospital in good condition on Aug. 9, 1939. 
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The report of the pathologist was as follows: The specimen consisted of the 
resected left lung and tracheobronchial lymph nodes. A firm palpable mass was 
present in the region of the left upper lobe bronchus. There were several elevated 
nodules located just proximal to the bifurcation of the left main stem bronchus. 
The lining of the left upper lobe bronchus was completely replaced by a brown 
roughened tumor. This had extended through and caused marked thickening and 
destruction of the bronchial wall. It would seem that the tumor arose from the 
upper lobe bronchus and had extended both proximally and distally. Some of the 
peribronchial lymph nodes in this area appeared to be involved (Fig. 2). 


Fig. 2.—Photograph of resected left lung of patient described in Case 1, The 
bronchus has been opened and the lesion arising from the upper lobe bronchus has ex- 
tended along the main stem bronchus, producing visible nodular projections on the 
mucosal surface. The lymph nodes may be observed below. 


Microscopic examination revealed that the growth was composed of sheets of 
tumor cells with central areas of necrosis and early keratinization. The cytoplasm 
of many of the cells appeared vacuolated; nuclei stained deeply and varied in 
size, and a number were in a state of division. The stroma was scant and infiltrated 
with lymphocytes, plasma cells, and large mononuclear cells. A nearby lymph 
node was free of neoplastic cells. The lesion was characteristic of a squamous cell 
carcinoma of the lung (Fig. 3). 

The patient was examined on several occasions after leaving the hospital and 
continued to gain in weight and strength. He resumed his former occupation 
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and was progressing satisfactorily until Jan. 1, 1941, when he first noticed a mass 
in the left axilla. This was not painful or tender but seemed to be increasing 
‘in size. On examination the mass was observed in the left axilla projecting 
anteriorly along the lower border of the pectoralis major muscle. It was about 
9 em. in diameter with a rather smooth outline. On palpation it was firm, slightly 
irregular in outline, and readily movable; it was not attached to skin or chest 
wall but seemed to be attached to the pectoralis major muscle. 


Fig. 3.—Photomicrograph of section of lung tumor in Case 1. The growth in the 
lung is composed of sheets of tumor cells with central areas of necrosis and early 
keratinization identical in structure with the metastatic growths shown in Figs. 4 and 
A tentative diagnosis of metastatic carcinoma was made, and the patient was 
readmitted to the hospital. On Jan. 10, 1941, operation was performed under 
cyclopropane anesthesia. By sharp dissection and the electrosurgical unit a block 
dissection of the left axilla was performed and the pectoral muscle as well as the 
mass which had invaded the muscles was excised. Several discrete lymph nodes 
which were enlarged and seemed to be involved were also found and removed. 
The wound was closed without drainage. 

The postoperative convalescence of the patient was uneventful, and he was 
discharged from the hospital on January 12. The patient has been observed on 
several occasions since then and when last examined on May 1, 1941, was in ex- 
cellent condition with no complaints or other evidence of metastasis. 

The report of the pathologist on this specimen was as follows: The specimen 
consisted of a piece of tissue that measured roughly 11.5 em. in length by 8.5 
em. in width by 7 em. in thickness. The outer surface of the specimen was com- 
posed of fat, fibrous tissue, and muscle. The specimen sectioned with relative 
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ease; through the outer portion that was composed of muscle and had a somewhat 
meaty feeling to the knife and in the central portion of the specimen there was 


a large mass that measured roughly 5 to 7 cm. in diameter. There were also 
other small masses present that measured anywhere from 1.5 em. to 3 em. in 
diameter. These masses were firm, grayish white, with yellow speckling. The cut 
surfaces of the masses appeared to be cellular. The smaller masses had the ap- 
pearance of lymph nodes that had been infiltrated with a new growth, 


Fig. 4.—Photomicrograph of section of axillary metastatic tumor in Case 1. Invasion 
and replacement of striated muscle bundles by the growth. 


Microscopic examination of this axillary mass revealed that the original pattern 
of the growth from the lungs was perfectly reproduced. The growth involved lymph 
nodes and invaded the striated muscle bundles of the pectoral muscles, replacing 
much of the muscle tissue. The growth seemed to creep along lymph channels and 
tissue spaces, and in some areas it was seen within lymph vessels, and in others 
in the adventitia of the blood vessels (Figs. 4 and 5). 


CasE 2.—A white male, aged 56 years, was admitted Dec. 15, 1939, with the 
chief complaint of hemoptysis. The patient had had a nonproductive cough for 
the last five months. About four months before, he first noticed blood-streaked 
sputum which occurred on several occasions since then. The last occurrence of 
this was ten days prior to admission. He had also had some vague chest pains, 
slight dyspnea on effort, and some dyspepsia. About two weeks prior to admission 
his temperature ranged from 100° F. to 104° F. for five or six days during the 
administration of autogenous vaccine prepared from streptococci and staphylococei 
obtained from the sputum. Four days prior to admission a roentgenogram of the 
chest revealed a dense shadow in the right lower lobe of the lung near the hilum. 
The patient had lost some weight but did not know how much. 
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Physical examination showed a well-developed, white male in fairly good gen- 
eral condition, of sthenic habitus, and apparently not acutely ill. There were no 
gross abnormalities on inspection, no lymphadenopathy, and normal reflexes. Tem- 
perature was 98° F.; pulse rate, 80 per minute; respiration, 18 per minute; blood 
pressure, 120/70. The significant findings were limited to the chest, and tlrese 
consisted of dullness over the right lung base posteriorly with absence of breath 
sounds in this area. 


Fig. 5.—Photomicrograph of section of axillary metastatic tumor in Case 1. Inva- 
sion of lymph node by the growth composed of sheets of squamous epithelium with 
slight tendency for keratinization. 


Laboratory Examination.—Urinalysis showed no abnormalities. The Wassermann 
was negative. R.B.C. was 4,900,000; hemoglobin, 80 per cent; W.B.C., 17,000; 
neutrophiles, 71 per cent; small mononuclears, 21 per cent; large mononuclears, 5 
per cent; eosinophiles, 3 per cent. Blood chemistry was normal. Sputum and stool 
examinations were negative. Roentgenoscopic examination of the chest revealed 
an irregular dense shadow in the right lower lobe of the lung near the hilum. 
Bronchoseopie examination was performed on Dee. 15, 1939, and a tumor mass was 
found in the right lower lobe bronchus which practically completely occluded the 
lumen. A biopsy was obtained, and histologic study of the section revealed many 
areas of embryonal epithelial cells; on this basis, a diagnosis of bronchogenic car- 
cinoma was made. 


Following appropriate preoperative preparations, including artificial pneumothorax, 
the operation was performed on Jan. 2, 194 The right pleural cavity was entered 
through the bed of the resected third rib anteriorly as previously described.67 A 
firm mass in the lower lobe of the right lung was readily palpated and seemed to 
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Fig. 6.—Photomicrograph of section of lung tumor in Case 2. The tumor cells form 
nests with fingerlike processes and keratinized layers in their centers, 


“ 


Fig. 7.—Photograph of cut surface of the mass removed from the axilla in Case 2. 
The central neoplastic growth appears encapsulated but was actually found to invade 
the surrounding muscle tissue, 
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be about 5 or 6 cm. in diameter. Numerous adhesions were found between the lower 
and middle lobes and the parietal pleura. Total pneumonectomy was then performed 
by individual isolation and ligation of the hilar structures as previously described. 
A few mediastinal lymph nodes were found and carefully removed. Some of these 
seemed to be involved. This was subsequently confirmed by histologic examination. 
The wound was closed without drainage, and the patient left the operating room 
in good condition. 
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Fig. 8.—Photomicrographs of section of axillary metastatic tumor in Case 2. Nests of 
neoplastic cells are seen in tissue spaces and probably in small lymph channels. 


The patient’s postoperative course was uneventful, and he was discharged from 
the hospital in good condition on Jan. 14, 1940. 

The report of the pathologist was as follows: The specimen consisted of the 
resected right lung and tracheobronchial lymph nodes. <A firm mass was palpated 
in the lower lobe posteriorly. When the bronchus was opened, the tumor mass which 
had caused distortion and constriction distalward was found in the lower lobe. The 
growth extended into the peripheral part of the lobe. Some of the regional lymph 
nodes seemed to be involved. Microscopic examination of the lung tumor revealed 
that the surface epithelium covering the bronchial wall was ulcerated and replaced 
by nests of tumor cells which extended into the deeper layers, broadening and in- 
volving the space between the mucosa and cartilage. The growth extended beyond 
the cartilage and grew into a nearby peribronchial lymph node. The tumor cells 
formed nests with fingerlike processes and keratinized layers in their centers (Fig. 6). 

The patient was observed on several o@asions after leaving the hospital and 
continued to progress very satisfactorily. He gained weight and strength and 
resumed his former occupation. However, on June 28, 1940, he retnrned for an- 


382 THE JOURNAL OF THORACIC SURGERY 


other examination and at this time was complaining of some pain in his shoulders, 
extending from the posterior aspect of the supraclavicular area down to the upper 
part of his arm. He had also noticed, several weeks previously, a mass in the 
right pectoral region which has been increasing somewhat in size. On physical 
examination a tumor about 4 em. in diameter was observed in the right axilla 
projecting forward beneath the lower border of the pectoralis major muscle. On 
palpation it was firm, freely movable, and not tender. It was apparently not. 
attached to the skin or chest wall but seemed to be attached to the pectoralis major 


muscle. 


Fig. 9.—Photomicrograph of section of axillary tumor in Case 2. Squamous cell car- 
cinoma reproducing pattern of original growth shown in Fig. 6. 


A tentative diagnosis of metastatic carcinoma was made and immediate opera- 
tion advised. However, the patient decided to postpone the operation until later. 
On Aug. 26, 1940, he was readmitted to the hospital, and operation was performed 
the following day. The tumor mass was exposed and found to have invaded the 
pectoralis major and minor muscles. It was completely removed by wide excision, 
and careful dissection of the axilla revealed no other structures involved and no 
lymph node involvement. The wound was closed without drainage. 

The patient’s postoperative convalescence was uneventful, and he was discharged 
from the hospital in good condition on Sept. 2, 1940. 

The report of the pathologist was as follows: The specimen consisted of a 
tumor mass, which measured 4.5 em. in diameter. The outer surface was covered 
by fat, fibrous tissue, and a small amount of reddish-brown muscular tissue. Grossly 
it appeared to be encapsulated. The specimen sectioned with ease; the cut surface 
was homogeneous, light pinkish white and appeared to be cellular, The tissue 
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was greasy, and, when pressure was applied, a yellowish fatty material was ex- 
pressed in wormlike fashion from the cut surface (Fig. 7). Microscopic examina- 
tion of the tumor revealed that the original pattern of the neoplasm from the lung 
was perfectly reproduced and was imbedded in a delicate, loose, fibrous tissue 
stroma. Apparently it crept along tissue spaces and along the lymphatics, leav- 
ing the walls of the large blood vessels in their course intact (Figs. 8 and 9). 


pinal accessory nodes 


Transverse 
cervical chain 


Internal 4 
mammary 
nodes 


Ne] 


Left latero- 
tracheal 
chain 


Intrapulmonary”7 
Py 


no 


A 


Fig. 10.—Schematic representation of possible lymphatic routes of extension of car- 
cinoma of left upper lobe to left axillary nodes, as may have occurred in Case 1. 


SUMMARY 


1. At present, primary carcinoma of the lung has a high incidence of 
metastasis at the time the diagnosis is made. On the other hand, an 
encouraging number of these lesions, depending upon certain factors, 
are characterized by late and limited metastases. For this reason the 
incidence of operability can be increased. 

2. The determination of the type of lesion, its location, and the pres- 
ence of demonstrable metastasis is of prognostic and surgical significance. 

3. An adequate knowledge of the methods and the routes of spread 
in carcinoma of the lung is also extremely important. Realization of 
the relative incidences of metastatic invglvement of the various sites and 
a knowledge of the lymphatic drainage of the lungs permit a more 
careful examination of the patient and a more thorough determination 
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of the presence of metastases as well as a rational conception of the 
type of surgical procedure which should be instituted. 

4. The relative incidence of metastases to various organs and lymph 
nodes based on a collected series of 3,047 eases is presented. 
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Fig. 11.—Schematic representation of possible lymphatic routes of extension of car- 
cinoma of right lower lobe to right axillary nodes, as may have occurred in Case 2. 


5. The modes of metastatic extension in primary carcinoma of the 
lung may be outlined as follows: (1) direct extension, (2) bronchial 
intraluminal extension, (3) implantation by aspiration biopsy or opera- 
tion, (4) hematogenous, (5) lymphatic. These various methods are de- 
seribed, and their relative significance is discussed. The lymphatic 
drainage of the lungs is briefly described, and the various possibilities 
of metastatic extension by this route are indicated. 

6. Two eases of pneumonectomy for primary carcinoma of the lung 
in which metastasis subsequently developed in the axillary nodes are 
presented. 
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A TOPOGRAPHIC CLASSIFICATION OF CANCER OF THE 
LUNG, WITH SPECIAL REFERENCE TO THE SURGICAL 
IMPLICATIONS OF THE CIRCUMSCRIBED VARIETY 
Haroutp Nevuor, M.D., CoLEMAN B. Rapin, M.D., AND 


TIrvinG A. Sarot, M.D. (By INVITATION ) 
NEw York, N. Y. 


N 1934, we presented’ a topographic classification of cancer of the lung 

for purposes of identification of operable cases, based on a study of 
250 cases. At that time the chief source of material for detailed study 
was a series of 100 autopsies. Certain conclusions were drawn which 
were, of necessity, founded in part upon examinations made when 
pulmonary cancer had reached an advanced state. We now wish to 
report on a series of 281 cases of cancer of the lung collected since that 
time. This study is based in much larger part upon data derived from 
operations. Although some modifications of-the views set forth in 1934 
are to be noted, most of the conclusions drawn at that time still hold as 
the result of the study of the new series. 

Our present purpose is to present a topographic classification of cancer 
of the lung which appears to us to be of clinical value, as a guide for 
the determination of operability. Only passing reference will be made 
to symptoms and their duration, and no references will be made to 
microscopic examination. Bronchoscopiec features will be mentioned only 
in so far as the situation of lesions is concerned. We realize, of course, 
that other classifications for purposes of estimation of operability have 
been made, but our purpose in this communication is to present only the 
results of an analysis of topographic features. 


From the viewpoint of topography, pulmonary cancer is divisible 
into circumscribed and diffuse (noncireumsceribed) forms. Since it will 
be our endeavor to demonstrate that this classification can serve as the 
basic clinical background in the study of cases for operability, the terms 
require precise definition. By a circumscribed cancer of the lung is 
meant one which is clearly demarcated from the adjacent pulmonary 
tissue on gross examination. If situated peripherally, it may infiltrate 
contiguous extrapulmonary structures, such as the chest wall, medias- 
tinum or diaphragm, but always remains circumscribed on its pul- 
monary aspect. A diffuse or noncireumscribed cancer of the lung is one 
which lacks such clear delimitation and which visibly infiltrates the 
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pulmonary tissue along bronchi and septa. Emphasis should be placed 
upon the fact that this classification is based on gross or macroscopic 
features. Thus, the evidence of a rudimentary capsule which can be 
seen in the microscopic examination of some circumscribed tumors has 
no bearing on the subject. 

Of 281 patients, sixty were subjected to operation. There were post- 
mortem examinations in seventy-eight of the 281 cases. In all, 114 of 
the cases were studied at operation, autopsy, or both. The great majority 
of the remainder were proved to be cases of pulmonary cancer by 
bronchoscopic or aspiration biopsy or by biopsy of metastatic lesions. 


CIRCUMSCRIBED CANCER OF THE LUNG—FIGHTY-TWO CASES (29 PER CENT ) 


It should be stated at the outset that, although the great majority of 
the cases of this variety could be recognized in accordance with the 
definition which has been made, a few must be regarded as borderline. 
The circumscribed neoplasms are of four types. (1) The tumor is 
situated within the substance of the lung and assumes a more or less 
spherical form. It increases in size by expansion and to a lesser degree 
by infiltration. If necrosis occurs, evidence of a fluid level may be seen 
in the roentgenogram as in cases of abscess. (2) If the foregoing variety 
increases greatly in size, it tends to follow the shape of the lobe in which 
it is situated and thus may be termed lobar type. (3) In the peripherally 
invasive type the central aspect of the growth is well demarcated from 
the lung as in the first type, but the peripheral portion at or near the 
surface of the lung is invasive. (4) In rare instances (three cases in our 
series) small tumors of the main bronchi are circumscribed. These neo- 
plasms, essentially endobronchia!, were not visible in the roentgenograms 
(as is the case with other circumscribed tumors) and also lacked other 
characteristics whereby they could be recognized clinically as cireum- 
seribed tumors. Although exceptional, this small group is important 
from the viewpoint of operability. 

For the purposes of this presentation, all four types are placed in 
one classification and will not be referred to separately although we 
recognize the third variety as being derived from branch bronchi, where- 
as the bronchial origin of the first two varieties cannot be discerned on 
gross examination. 

Symptoms.—An analysis of the symptoms of circumscribed tumors 
reveals that they are decidedly less prominent in most instances than 
those of nonecireumseribed tumors. Occasionally there are no symptoms 
for a long time, attention first being directed to their existence by the 
manifestations of remote blood-borne metastases. We shall not enter 
into detailed consideration of the symptoms at this time. It may be said, 
however, that thoracic pain, which is sometimes severe, is the most com- 
mon sympton. Although often localized to one part of the chest, it may 
be referred to nerves which have been invaded by the growth. Cough 


id 


390 THE JOURNAL OF THORACIC SURGERY 


and hemoptysis are less common. The duration of symptoms was one to 
eight months in fifty-seven cases, and one to three years in twenty-one. 
In the remaining four cases, the presenting symptoms were due to hema- 
togenous metastases. 

Roentgenologic Examination—The circumscribed tumors were recog- 
nized as such by roentgenologie examination in the great majority of 
cases. Thus, in seventy-eight cases in which satisfactory roentgenologic 
examinations were made, characteristic shadows were noted in all but 
four instances. The latter were rare cases in which atelectasis obscured 
the shadow of the tumor, atelectasis being due to obstruction of the 
bronchus of the involved lobe. The contrast between the rarity of ate- 
lectasis in circumscribed growths as compared with its great frequency 
in noncireumscribed tumors, which will be referred to subsequently, 
comprises an important differential sign. 

In seventy-four instances characteristic roentgenograms were en- 
countered. The shadow in seventy of these cases was a circular or semi- 
circular area of homogeneous density with a well-defined margin seen 
either in the dorsoventral or the lateral view (or both). When such 
shadows abutted on the chest wall or mediastinum, they appeared some- 
what half curved in one view, but circular in the other. 

The four remaining cases also presented characteristic shadows of 
circumscribed tumors with the addition of fluid levels in two, incomplete 
atelectasis in one, and pleural effusion in one. 

In several of the cases of circumscribed tumors which were peripheral- 
ly invasive, roentgenologie evidence of local invasion of overlying rib 
or ribs was noted. 

An important fact is the predominent situation of circumscribed 
neoplasms in the upper lobes. Thus, 75 per cent of all the cases (fifty- 
nine) were in this situation. It is of special significance that thirty-six 
of these neoplasms were situated in either the apical or paravertebral 
portions of the upper lobes. The resultant direct extension of these 
peripherally invasive growths into the mediastinum or superior aper- 
ture of the thorax rendered inoperable a number which otherwise might 
have been removable. The necessity of earlier recognition of such cases 
is clear. 


NONCIRCUMSCRIBED CANCER OF THE LUNG—199 CASES (71 PER CENT) 


The nonecirecumseribed tumors are characterized by an invasion of the 
lung along the peribronchial and perivascular tissues and septa to a 
greater or lesser degree. In some cases the invasion of these tissues is 
more or less limited, extending only a short distance from the main 
growth, while in others the spread along the framework of the lung is 
so diffuse as completely to overshadow an insignificant primary growth. 

The great majority of these neoplasms had their origin in a large 
bronchus, either the main bronchus or the bronchus to a lobe. In only 
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one-sixth of the cases did the neoplasms originate in branch bronchi. In 
all of the cases in which the specimens were examined either after sur- 
gical removal or at autopsy, a bronchial origin could be determined on 
gross examination. It is noteworthy that all of the main or lobar 
bronchial tumors were of the diffuse or noncireumscribed variety with 
rare exceptions (the three cases included in the cireumscribed group). 

Symptoms.—The duration of symptoms to the time the patients came 
under observation was approximately the same as in the circumscribed 
group. <A total of thirty-nine patients came under observation within 
the first eight months of symptoms and twenty-one patients within one 
to three years. | 

Cough, frequently paroxysmal, and hemoptysis were the outstanding 
symptoms. Pain was not only of less frequent occurrence, but often less 
severe, in contrast to circumscribed tumors. Another contrast is the 
fact that the first symptoms are usually due to the pulmonary lesion and 
not to metastases or. to direct invasion. 


Roentgenologic Features —Noncireumscribed or diffuse neoplasms 
present an entirely different roentgenologic picture from those of cir- 
cumscribed tumors. In not a single instance was the characteristic cir- 
cular or semicireular circumscribed shadow encountered. When the 
shadow was sharply delimited in cases of noncireumscribed tumors, the 
line of demarcation represented not the tumor itself but the border of an 


atelectatic lobe or segment of a lobe. Furthermore, the line was more or 
less straight and not part of a curve. 

The roentgenologic picture produced by noncireumscribed neoplasms 
was mainly of two varieties. Satisfactory x-ray studies were made in 
190 cases, and the chief feature in 110 was atelectasis with or without in- 
fection of the collapsed lung. In forty-six cases the film showed irregular 
infiltration at the root or in the parenchyma. 

A diffuse streaking of the lungs due to lymphangitie spread of ear- 
cinoma occurred in ten cases. In fifteen cases the underlying process 
was masked by a pleural effusion. In three cases the roentgenologiec 
picture simulated that of a mediastinal neoplasm, the primary neoplasm 
being invisible. Finally, in five cases the films were entirely negative. 


BRONCHOSCOPIC ASPECTS OF CIRCUMSCRIBED AND NONCIRCU MSCRIBED 
TUMORS 


Details will not be offered at this time. In brief it can be stated that 
positive bronchoscopic findings (positive biopsies) are decidedly more 
common in the noncireumscribed than in the circumscribed group. In 
some instances of circumscribed growths, indirect evidence of the exis- 
tence of a neoplasm is to-be seen in the distortion of bronchi by external 
pressure. An interesting fact is that positive bronchoscopic biopsies are 
obtainable in a substantial proportion of circumscribed tumors in the 
middle and lower lobes, whereas they are rarely obtainable from tumors 
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in the upper lobes. In the ease of noncircumscribed tumors, positive 
bronchoscopic biopsies are obtainable in the preponderance of cases, 
particularly when main bronchi are involved. Statistically, positive 
bronchoscopic biopsies were obtained in 42 per cent of circumscribed 
tumors and in 75 per cent of diffuse neoplasms. 


OPERABILITY OF THE CIRCUMSCRIBED GROUP—EIGHTY-TWO CASES 


Forty-six cases were regarded as operable on clinical grounds. The 
remainder (thirty-six cases) were inoperable mainly because of the 
presence of hematogenous metastases or because of direct invasion of the 
mediastinum or the superior thoracic aperture. Direct invasion was a 
frequent complication of tumors occupying the paravertebral or apical 
portions of the upper lobes and was recognized by the presence of a 
Horner’s syndrome, or a phrenic nerve or recurrent nerve paralysis. 
Inoperability because of involvement of lymph nodes or pleura was 
most unusual. There were no instances of lymphangitic carcinomatous 
spread. 


The clinically (apparently) operable group of cireumseribed tumors 
consisted of forty-six cases. Emphasis should be placed again on the 
fact that circumscribed tumors of other portions of the lung offered a 
much higher percentage of operability than those of the paravertebral 


and apical portions of the upper lobes (thirty inoperable of thirty-six 
apical and paravertebral). Cases were regarded as favorable for opera- 
tion even when tumors were of substantial proportions, regardless of 
whether or not the adjacent thoracic parietes were involved. However, 
invasion of the paravertebral region was regarded as a contraindication 
to operation because of the juxtaposition to the spine. 

Of the forty-six cases (57 per cent) which were regarded as clinically 
operable, seventeen were not subjected to operation because of associated 
infection, poor general condition, or coincident unrelated diseases. 


Of the twenty-nine cases operated upon, nine were found to be in- 
operable chiefly because ‘of direct invasion of the upper mediastinum. 
In only two eases was regional node involvement noted at the time of 
operation. 

In the remaining twenty cases the lesion appeared operable and re- 
moval was performed (lobectomy or pneumonectomy). Involved nodes 
in the specimen were found in only three of these cases. In one addi- 
tional ease a single involved intertracheal lymph node was encountered. 
The remaining sixteen cases were entirely free from regional lymph node 
involvement. 

Thus, in at least sixteen of the total of eighty-two cases of circum- 
seribed tumors, there was a reasonable outlook for cure by operation at 
the time that these patients came under observation, 


4 


CANCER OF LUNG 


NEUHOF ET AL.: 


OPERABILITY OF NONCIRCUMSCRIBED TUMORS—199 CASES 


A much larger proportion of patients with noncireumscribed tumors 
were inoperable for anatomic reasons at the time they first came under 
observation. Of the total of 199 cases, 141 were inoperable, chiefly be- 
cause of evidence of lymphatic spread of the disease (in 133 cases). In 
addition, there was hematogenous invasion in not a few instanees. Pro- 
portionately, however, hematogenous metastases occurred less frequently 
than in the circumscribed group. The preponderance of lymphatie in- 
vasion in the noncireumscribed group is in striking contrast to its rarity 
in the circumscribed group. 

Fifty-eight cases of noncircumscribed lung cancer were considered 
anatomically operable. In other words, only half as many tumors, pro- 
portionately, were favorable for surgical intervention in the noncireum- 
seribed group as in the circumscribed group. Of the fifty-eight cases, 
twenty-seven were not operated upon because of age and poor general 
condition. 

In eighteen instances the operation was exploratory only, the cases 
being inoperable chiefly because of mediastinal lymph node involve- 
ment. 

Operative removal (pneumonectomy) was performed in thirteen 
eases. In four of these, involved lymph nodes were found in the speci- 
men, and, in four additional cases, involved lymph nodes were found in 
the mediastinum as well as in the specimen. Thus, there were only five 
eases without lymph node involvement. The contrast between this small 
number without Ivmph node involvement in 199 cases of nonecireum- 
scribed tumors as compared to sixteen without lymph node involvement 
in eighty-two cases of circumscribed tumors represents the outstanding 
difference between the two groups. 


DISCUSSION 


In view of the foregoing evidence pointing to the greater outlook for 
operability of circumscribed tumors, special emphasis on the subject of 
recognition of these tumors is warranted. Whereas noncireumscribed 
tumors can be diagnosed on the basis of positive microscopy in the great 
preponderance of instances, circumscribed tumors may be difficult or 
impossible of definite diagnosis because of negative bronchoscopy, danger 
of aspiration biopsy, and the absence of characteristic symptoms. Hence, 
this group presents a special argument for exploratory thoracotomy if 
the diagnosis cannot be otherwise established. The argument becomes 
particularly forceful in instances in which suspected circumscribed 
tumors are situated away from the mediastinum. Not only are some 
circumscribed tumors completely free from regional lymph node involve- 
ment, but also the situation in cases of tumors distant from the hilum 
makes possible complete removal by procedures less formidable than 
pneumonectomy. On anatomic grounds, even partial lobectomy may 
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suffice, particularly in those instances in which the tumor is peripheralky 
situated, even if the thoracic parietes or diaphragm are involved. We 
do not wish to press the point further at this time because our subject is 
specifically concerned with topography in relation to operability, but it 
may be stated that there was no regional lymph node involvement in all 
seven cases in which lobectomy or partial lobectomy was performed. 
The argument for exploration also holds for cases of suspected noncir- 
cumscribed tumors, characterized by segmental atelectasis, in which 
repeated efforts to obtain a positive bronchoscopic biopsy have failed. 
In the case of a circumscribed tumor, the chance for cure may be lost 
because of hematogenous metastasis if increase in the size of the tumor 
is awaited over a period of months; in the case of a branch bronchus 
noncircumscribed tumor producing atelectasis, the chance for cure may 
be lost because of regional lymph node involvement if a positive bronecho- 
scopic biopsy is awaited. 


SUMMARY 


Gross topographic features were studied with special reference to 
operability in 281 cases of primary cancer of the lung. Of these, 114 
cases were studied in detail by operation, autopsy, or both. 

The cases were divided into two topographic groups, the circumscribed 
and the noncireumscribed, on the basis of gross (macroscopic) features. 
Origin from a branch bronchus could be seen in most circumscribed 
tumors which were peripherally invasive. A bronchial origin could be 
seen in all cases of noncircumscribed tumors. Five-sixths of the latter 
group had their origin in large bronchi, and only one-sixth, in branch 
bronchi. 

The circumscribed tumors comprised 29 per cent and were character- 
ized topographically by sharp delimitation from adjacent pulmonary 
tissue. Distinctive roentgenologic features whereby they could be 
diagnosed existed in the vast majority. Of the symptoms, which general- 
ly were less marked than in the noncireumscribed group, pain was the 
most common and the most prominent. Regional lymph node involve- 
ment was rare, and hematogenous metastases were more common and the 
chief reason for inoperability. Another reason for inoperability was the 
frequent situation of circumscribed tumors in the apical and paraverte- 
bral segments of the upper lobes, resulting in local invasion of vital 
structures. Forty-six (or 57 per cent) were clinically operable. Twenty- 
nine patients were operated upon, of whom sixteen were free of regional 
node involvement and six had minimal node involvement. The remain- 
ing nine were inoperable because of direct invasion. 


The noncircumscribed tumors comprised 71 per cent and were charac- 
terized topographically by invasiveness. The most common roentgen- 
ologic feature was atelectasis with or without tumorous or pneumonic 
infiltration. The film may reveal only carcinomatous lymphangitis or be 
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completely negative. The most common symptoms were cough and 
hemoptysis. Early and extensive lymphatic invasion was common and 
was the chief reason for inoperability. Only fifty-eight of 199 cases (39 
per cent) were clinically operable. Thirty-one patients were operated 
upon, of whom nine were operable (no regional node involvement, or 
lymph nodes involved only in the removed specimen). In only nine of 
the 199 cases was there no regional lymph node involvement. 

Positive bronchoscopic biopsies were obtained in 75 per cent of the 
noncireumscribed and in 42 per cent of the circumscribed tumors. In 
the latter group positive biopsies were obtained chiefly in cases of lower 
lobe tumors. 

CONCLUSION 


Despite the approximately equal duration of symptoms in both groups, 
circumscribed tumors are more frequently amenable to surgical extirpa- 
tion because of the relative infrequency and more limited extent of re- 
gional lymph node involvement. Since symptoms are often insignificant 
and bronchoscopic biopsy is negative, exploratory operation often is war- 
ranted. In eases of noncireumscribed tumors characterized by atelectasis 
in which bronchoscopy is negative, exploratory operation is justified when 
inoperability has not been determined on the basis of other evidence. 

Pneumonectomy would probably always be indicated in cases of non- 
circumscribed tumor. On the other hand, lobectomy or even partial 
lobectomy may be justified in selected cases of circumscribed tumors. 
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PNEUMONECTOMY FOR CARCINOMA OF THE LUNG 


Stuart W. Harrineton, M.D. 
RocuEster, MINN. 


O GREATER advance has been made in the surgical treatment of 
malignant disease in any part of the body than that which has been 
accomplished for carcinoma of the lung in the past decade. Since the 
first successful pneumonectomy for carcinoma of the lung reported by 
Graham in 1933, an increasing number of cases have been reported by 
different surgeons to prove definitely that operative treatment has ac- 
complished better results in eradicating this disease than any other form 
of treatment, but there are still many problems to be solved. These prob- 
lems are concerned not only with the technical operative considerations 
but also with the diagnostic difficulties which are frequently encountered. 
Continued progress in the treatment of this disease can best be made by 
close cooperation between the clinician, bronchoseopist, roentgenologist, 
and surgeon. 

There has been a gradual evolution of, and improvement in, technical 
surgical procedures which have been utilized, and, although there are 
still many differences of opinion concerning the details of the various 
surgical procedures which have been advocated, the fundamental prin- 
ciples of total extirpation of the disease and regional lymphatics by 
operation are on a sound basis. It generally is accepted that this is the 
most effective method of treatment and offers the greatest possibility of 
the complete eradication of the disease. One of the principal funda- 
mental problems about which there is still some controversy is the ques- 
tion of whether lobectomy is advisable for certain types of peripheral 
lesions or whether total pneumonectomy should be performed routinely 
for all types of malignant disease of the lung. This does not present any 
great problem as in most instances the majority of the bronchiogenic 
lesions originate in or close to the main bronchus and therefore complete 
extirpation of the lung is necessary. There may be some peripheral 
lesions which can be treated by a less radical procedure, but relatively 
few malignant lesions are recognized early enough by the present meth- 
ods of diagnosis to permit adequate removal by partial pneumonectomy. 
Until a greater knowledge has been obtained of the different types of 
malignant lesions involving the lung as well as their course of growth 
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and methods of dissemination, I believe that the majority of these lesions 
should be treated by total pneumonectomy and removal of the regional 
lymph glands. 

The essential considerations in the surgical treatment of carcinoma of 
the lung are early diagnosis, preoperative preparation of the patient, 
selection of the most accessible method of approach, the application of 
adequate mechanical means for maintaining adequate intrathoracie pres- 
sure, complete removal of the lesion and regional lymph nodes, and the 
postoperative care of the patient. 


DIAGNOSIS 


The most important problem which influences not only the possibility 
of surgical treatment but also the results of surgical treatment is the 
early recognition of the lesion. Unfortunately bronchiogenie carcinoma 
is often insidious in its development and frequently produces symptoms 
which simulate those of benign pulmonary conditions. Patients often are 
treated conservatively, and thereby the condition is permitted to reach 
an advanced stage before the true nature of the underlying lesion is 
recognized. One of the greatest obstacles to the establishment of the 
diagnosis is probably the failure to recognize the necessity of making a 
special examination of the patient presenting chronic cough with or 
without slight expectoration until associated pain, expectoration of 
blood, or loss of weight indicates the presence of a serious lesion. Un- 
fortunately when these more definite symptoms of malignant disease 
present themselves, the lesion is usually well advanced and much valu- 
able time has been lost before treatment is instituted. 


It is rarely possible to make a diagnosis of carcinoma of the lung 
either from the clinical symptoms or physical findings until the lesion is 
extensive and usually beyond surgical treatment. This emphasizes the 
importance of early, complete roentgenologic examination including 
fluoroscopic examination of the lung and thorax. 


It must be remembered, however, that a roentgenogram revealing an 
apparently normal thorax does not necessarily rule out the presence of 
bronchial carcinoma. If the clinical history is suggestive of a bronchial 
lesion, bronchoscopic examination should be carried out, as there is al- 
ways the possibility of revealing an early bronchial neoplasm. The im- 
portance of early bronchoscopic examination in any case in which sug- 
gestive symptoms are present cannot be overestimated as at an early 
stage there is no other method by which tissue can be obtained for the 
establishment of a positive microscopic diagnosis. 

Bronchoscopy is often of value also in determining the operability of 
a lesion. If the growth extends into the trachea or across the carina of 
the trachea, surgical intervention is contraindicated. Bronchoscopy also 
may be of value in cases in which obstrfiction of the bronchus by the 
lesion has caused a damming back of the secretions into the small bronchi 


= 
a 
et 


398 THE JOURNAL OF THORACIC SURGERY 


and lung and toxemia, which may seriously impair the patient’s general 
condition so that surgical intervention may be thought inadvisable. After 
the bronchoscopic aspirations of these retained secretions, the patient’s 
condition may improve to such an extent that operation can be carried 
out suecessfully. 

The importance of early recognition and immediate surgical treatment 
of carcinoma of the lung cannot be overestimated because in a large 
percentage of cases the lesions are highly malignant and metastasis fre- 
quently occurs to the regional lymph nodes as well as to other parts of 
the body. Although there is no definite knowledge as to the time at which 
metastasis occurs in relation to the origin of the lesion, I believe it is only 
fair to assume that it probably occurs early when the lesion is of a high 
grade of malignancy. If surgical intervention is delayed, complete 
eradication of the disease may be impossible or the removal of the lesion 
may be attained at a greatly added risk because of the encroachment on 
other important structures within the thorax. 


DETERMINATION OF OPERABILITY 


One of the most important diagnostic problems is the difficulty which 
is often encountered in determining the operability of these malignant 
lesions by roentgenologic, bronchoscopic, or clinical examination. In 
many instances the results of all of these examinations may indicate an 
operable lesion; however, operation may disclose extensive invasion of 
the mediastinal structures, with fixation of the hilar structures, and the 
condition may be inoperable. In other cases the clinical findings may 
suggest an inoperable condition. In some instances these findings are 
caused by inflammatory conditions of the lung secondary to obstruction 
of the bronchus by the malignant lesion, and, although they simulate 
those of extension of the malignant lesion, they are not caused by malig- 
nant invasion. Although secondary suppurative disease of the lung 
greatly increases the hazard of operative intervention, it does not con- 
traindicate surgical intervention since in many instances the lung can 
be removed successfully. 

It is probable that in the future more accurate diagnostic methods 
will be developed which will permit a more accurate evaluation of the 
question of operability. However, until these methods are developed, an 
exploratory operation will be necessary in a relatively high percentage 
of cases in which the condition is found to be inoperable. I believe that 
the chance of finding the lesion inoperable should be accepted as it is to 
be expected until greater experience is developed in determining opera- 
bility and that it is essential to perform exploratory operation in all 
cases in which there is any possibility of removing the lesion surgically. 

In eases in which the presence of a malignant lesion of the peripheral 
portion of the lung is suspected, it may be difficult to decide whether or 
not surgical intervention is indicated. In many of these cases it is dif- 
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ficult to make a diagnosis roentgenographically, and it rarely is possible 
to obtain a specimen of the lesion with the bronchoscope. If there is 
reasonable evidence that the lesion is malignant, I believe that an ex- 
ploratory operation should be performed early as delay may permit the 
lesion to become inoperable. Inasmuch as it is often impossible to estab- 
lish the operability by present clinical methods of diagnosis, it is to be 
expected that in a relatively high percentage of cases the condition may 
be inoperable at the time of operation, because of extensive metastasis 
within the thoracic cavity. 

Roentgenologic studies made after the induction of artificial pneumo- 
thorax may be of value in determining operability. If the lesion is 
parenchymal, the lung may collapse around the malignant lesion and 
roentgenograms will show the density of the tumor more definitely than 
when the lung is expanded. These studies also will determine whether 
or not the lung is adherent to the parietal pleura. I do not believe, how- 
ever, that adhesions should determine operability since in many instances 
the lung is adherent to the parietal pleura because of secondary pulmo- 
nary suppurative disease caused by an occluded bronchus. This does not 
necessarily mean that the lung cannot be removed successfully. In cases 
in which there is definite clinical evidence of pulmonary suppurative dis- 
ease, it is not advisable to attempt to institute artificial pneumothorax 
before operation, because of the danger of producing pleural effusion 
and infection. 
PREOPERATIVE MEASURES 


In eases in which there is no definite pulmonary suppurative disease, 
preoperative induction of artificial pneumothorax may be of advantage 
since it permits the patient to become accustomed to unilateral collapse 
of the lung before operation. Collapse of the lung is effected gradually 
within five to seven days, and the lung is maintained in collapse for ap- 
proximately a week before operation. I do not believe, however, that 
preliminary artificial pneumothorax is essential as a preoperative pro- 
cedure. 

In eases in which suppurative disease of the lung is secondary to a 
malignant lesion obstructing the bronchus, it is advisable to perform 
bronchoscopic aspiration of the lung at least once and, if necessary, 
several times before operation, to free the lung of as much of the in- 
fected secretions as possible. As I have said previously, in some in- 
stances the general condition of the patient is markedly improved after 
removal of the toxie secretions so that a patient who may have been be- 
lieved clinically to have an inoperable lesion will improve sufficiently to 
withstand surgical treatment. In ¢ases in which an extensive suppura- 
tive disease is associated, I believe that it is advisable to aspirate the 
secretions by the use of a bronchoscope after the patient has been anes- 
thetized on the operating table but before the operation is started. This 
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will prevent the secretions from going into the opposite lung when the 
diseased lung is manipulated at the time of operation. Every care should 
be taken to prevent spilling over of these secretions during the time of 
the operation by occluding the main bronchus of the diseased lung with 
a clamp as soon as it is isolated. Every safeguard should be utilized to 
maintain aeration of the remaining lung throughout the operation and 
at the completion of the operation. I routinely carry out bronchoscopie 
aspiration of the remaining lung. This should be done by one thor- 
oughly skilled in the use of the bronchoscope. For the past two years at 
the clinie there has been a physician anesthetist trained to perform 
bronchosecopie aspiration. 


ANESTHESIA 


Much of the advancement that has been made in surgical extirpation 
of carcinoma of the lung has been accomplished because of marked im- 
provement in the administration of the anesthetics as well as in the 
anesthetic agents. I prefer to use cyclopropane administered intra- 
tracheally under positive pressure as this permits the administration of 
a higher percentage of oxygen and maintains surgical anesthesia; after 
completion of the operation, the recovery period to consciousness is 
shorter than when other anesthetics are used. This permits the patient 
to cooperate in the expectoration of secretions and maintenance of aera- 
tion of the remaining lung. 


SURGICAL TECHNIQUE 


There is considerable difference of opinion as to the method of approach for 
extirpation of the lung. Most surgeons are agreed that a posterolateral type of 
approach is the most satisfactory for lobectomy. However, I do not believe that 
lobectomy has any definite place in the treatment of carcinoma of the lung, as 
there are relatively few cases in which this procedure is adequate for the removal 
of the malignant lesion. The greatest difference of opinion as to the method of 
approach arises in cases in which pneumonectomy is performed. Some surgeons 
prefer the anterior approach, and some, the posterior approach with various modi- 
fications. For pneumonectomy, I prefer the lateral and posterior type of approach 
(a modification of the Crafoord approach); the incision is started at the level of 
the fourth rib in the midaxillary line and extends around the lower angle of the 
scapula and upward around the posterolateral border of the scapula to the fifth 
rib posteriorly. After the scapula is elevated the fifth rib is removed from the 
anterior axillary line to the vertebra posteriorly. If more exposure is needed, this 
rib can be removed to its sternal attachment. The pleura is then incised through 
the posterior periosteum of this rib. In most instances the removal of one rib 
gives sufficient exposure. If more exposure is required, a segment is removed from 
the angle of the sixth rib. This greatly amplifies the exposure for separation of 
adhesions in the lower portion of the thoracie cavity, particularly those of the 
lung to the diaphragm and inferior mediastinal structures. 

When the pleural cavity is opened, the lung is permitted to collapse. If the 
lung is adherent to the thoracic wall, the adhesions are separated. The hilus is 
explored after the mediastinal pleura is cut well away from the hilus of the lung 
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in order to avoid any possibility of leaving malignant tissue. If the condition is 
considered operable, dissection of the hilar structures is then continued. 


I believe that individual ligation of the hilar vessels with separate closure of 
the bronchus is the method of choice, rather than mass ligation, regardless of the 
position of the malignant lesion (whether it is in the parenchyma of the lung or in 
the main bronchus). This method of treatment of the vessels and bronchus of 
the lung is preferable not only in a complete extirpation of one lung but also in 
the removal of a lobe of the lung, regardless of the type of lesion for which it is 
done. In pneumonectomy it is advisable to ligate the pulmonary artery first and 
then isolate the main bronchus and place a soft rubber clamp across it to prevent 
secretions from gravitating or being aspirated into the opposite side. In performing 
right pneumonectomy it is advisable to cut and ligate the azygos vein before separat- 
ing the right main bronchus because of the danger of serious hemorrhage which 
is often difficult to control if this vessel is torn during the separation of the 
bronchus. In left pneumonectomy it is important to avoid injury to the recurrent 
laryngeal nerve during separation of the left main bronchus. 

The pulmonary ligament is then dissected from its mediastinal attachments, and 
the vessels in the ligament as well as the superior and inferior branches of the pul- 
monary veins are ligated with chromic catgut. The hilar lymph nodes then are 
removed completely, and the dissection of the main bronchus is completed to the 
carina. Care should be taken not to injure the bronchial artery as maintenance 
of blood supply is very important in the healing of the stump of the bronchus. 
A soft rubber clamp is then placed proximal to the carina in an oblique direction; 
it is placed so that the membranous portion of the bronchus approximates the 
cartilaginous portion as much as possible. The bronchus is then severed 1 to 1.5 
em. from the carina; care should be exercised to keep well beyond the growth 
if it originates or extends into the main bronchus. If there is any doubt as to 
the extent of the growth or its location in the bronchus, the bronchus should be 
opened, the growth definitely visualized, and the bronchus cut well beyond the 
malignant lesion. During this procedure care should be exercised to prevent con- 
tamination of the pleural cavity by aspiration of the secretions. After the bronchus 
has been cut and the lung has been removed, the proximal end of the bronchus 
is closed completely by multiple interrupted silk sutures placed back of the soft 
rubber clamp. <A continuous silk mattress suture is placed through the point oe- 
cupied by the clamp and a second continuous over-and-over suture of catgut is 
used to close the end of the bronchus. 

All bleeding points resulting from dissection of the lymph nodes of the medi- 
astinum are ligated carefully. This complete hemostasis is very essential. 

In eases in which there has been no pulmonary suppurative disease or contami- 
nation of the pleural cavity, the mediastinal pleura may be closed, but I believe 
that this closure should be made with interrupted sutures so that there is a partial 
opening for drainage of any secretigns which may accumulate in the mediastinum. 
If there is any suppurative disease in the lung, the mediastinal pleura should be 
left open because of the danger of infection extending into the mediastinal tissues; 
if the bronchus opens postoperatively, it is safer to have it open into the pleural 
cavity than into the mediastinal tissues. The pleural cavity then is irrigated with 
physiologic saline solution, and the incision is closed completely in layers. Negative 
pressure is obtained by aspirating air from the pleural cavity through an intercostal 
tube. In all cases in which pulmonary suppurative disease is associated, it is essen- 
tial to drain the pleural cavity; I believe it is essential to drain the pleural cavity 
for at least twenty-four to seventy-two hours. The drainage tube is placed in the 
midaxillary line at the level of the fourth rif. In eases in whieh there has been 
no contamination of the pleural cavity, an intercostal closed type of drainage is 
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utilized. If there has been definite contamination of the pleural cavity or sup- 
purative disease, I prefer to utilize a transcostal type of drainage by resecting 
a portion of the fourth rib in the midaxillary line and to institute a closed type of 
drainage through the posterior periosteum of this rib. I prefer this procedure 
because, if empyema develops during the postoperative course, open drainage can 
be established easily by opening the wound, inserting a finger through the opening, 
and separating the pleura. This can be done in the patient’s room; this is often 
of great advantage when the patient is seriously ill and it is not advisable to re- 
move him from the oxygen tent. 


PCSTOPERATIVE MEASURES 


The operative risk associated with these operations varies with the 
individual case and is influenced by many factors. The most important 
immediate considerations are the maintenance of oxygenation and cir- 
culation of the blood. These are maintained throughout the operation 
by keeping a free airway to the good lung and administration of oxygen 
under positive pressure as well as blood transfusion if the blood pressure 
falls to less than 100 mm. of mereury. 


The most important consideration in the postoperative management of 
these patients is to prevent the occurrence of anoxemia or cardiac failure. 
Preventive supportive measures should be taken immediately after the 
operation before the patient leaves the operating table. I believe it is 
advisable to perform bronchoscopic aspiration of the remaining lung in 


all cases while the patient is still anesthetized. It is an essential pro- 
cedure in those cases in which there has been an excessive amount of 
mucus or suppurative disease of the affected lung. In all cases a roent- 
genogram should be taken while the patient is on the operating table and 
immediately after the wound is closed, and it should be developed and 
examined immediately. If there is any evidence of atelectasis in the 
remaining lung, bronchoscopic aspiration of the lung is performed on 
the operating table. Following this aspiration, another roentgenogram 
is made immediately and examined. If the condition is improved, the 
patient is removed from the operating room. If it is not, bronchoscopic 
aspirations are performed until the air passages are entirely free of 
secretions. It is most essential not to remove the patient from the 
operating room until the air passage of the remaining lung is entirely 
clear. In some instances it may be advisable to keep the patient in the 
operating room until he has fully recovered from the anesthetic and 
until the cough reflex is re-established. 

If the blood pressure falls to less than 100 or 90 mm. of mereury, de- 
pending somewhat on the patient’s normal blood pressure, a blood trans- 
fusion should be given since it is much safer to maintain the pressure 
at this level than it is to try to elevate the blood pressure after it has 
dropped to a low level. . 

When the patient leaves the operating room, he is placed immediately 
in an oxygen tent in which the concentration of oxygen is maintained 
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at about 50 to 55 per cent. The tube in the pleural space is placed under 
water for closed drainage; this is usually discontinued on the third to 
the fifth postoperative day. If there has been contamination of the 
pleural cavity due to pulmonary suppurative disease, the drainage is 
maintained for a longer period of time. The patient remains in the 
oxygen tent from three to five days, depending on the amount of respira- 
tory difficulty. 


RESULTS OF SURGICAL INTERVENTION IN THIRTY-ONE CASES 


My experience in the surgical treatment of bronchiogenie carcinoma 
of the lung consists of a series of thirty cases, in twenty-one of which 
the lesion was found to be inoperable on exploration. In eight of these 
twenty-one cases the malignant lesion was on the left side, and in thir- 
teen it was on the right side. Three of these twenty-one patients died in 
the hospital after the exploratory operation. 

In nine cases of the group, I performed total pneumonectomy in one 
stage. Three of these patients died following operation ; two, after right 
pneumonectomy, and one, after left pneumonectomy. The latter died on 
the eighteenth postoperative day from hemorrhage. This patient had 
been subjected to an exploratory operation elsewhere previously. The 
other two patients died from respiratory and cardiae failure soon after 
the operation. One of these patients died after one of my earlier opera- 
tions in 1935 in which I did a preliminary extrapleural rib resection to 
collapse the chest wall preliminary to the operation for total pneumo- 
nectomy. The preliminary surgical collapse of the chest wall aided a 
great deal in the exposure and accessibility of the lung, and I do not 
believe it was a factor contributing to the patient’s death as the lesion 
was extensive and might be considered inoperable because of the exten- 
sive nodal metastasis. However, this was not determined until the opera- 
tion had progressed to the point where it was necessary to complete it. 
Six patients made a complete recovery from the operation. At present 
five patients are living from three months to 1.5 years after operation. 
The one patient who has died since returning home subsequent to the 
operation, had’ an extensive carcinoma (grade 3). Of the six patients 
who survived operation, she was the only one who was found to have 
nodal metastasis at the time ef the operation. Her convalescence was 
one of the most satisfactory of the series; her temperature never in- 
creased to more than 100° F. at any time. The wound healed by primary 
intention, and she returned home on the twenty-ninth postoperative day. 
I have been informed by letter that she died three months after return- 
ing home but was unable to learn the cause of her death. 


COMMENT 


Because of the relatively short perio@ of time during which carcinoma 
of the lung has been treated surgically, it is impossible to predict the 
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ultimate place that surgical procedures will have in the treatment of this 
disease. The technical surgical problems at present have been solved to 
a point which makes the operative mortality relatively small. With the 
advancement in operative procedures which is constantly taking place 
as well as the improvement in diagnostic methods, there is every reason 
to believe that the results of surgical treatment will improve and that 
surgery will become generally accepted as the treatment of choice in 
cases of carcinoma of the lung. Future accomplishments in the surgical 
treatment of this disease and the improvement of the results obtained 
from operative treatment depend mostly upon early diagnosis and im- 
mediate surgical intervention. 


(See discussion on page 413.) 
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EXPERIENCES WITH TOTAL PNEUMONECTOMY 


NorRMAN S. SHENSTONE, M.D. 
Toronto, CANADA 


O MUCH has been done and so much has been written on the sub- 

ject of pneumonectomy that there is perhaps very little reason for 
presenting the very modest number of cases that we have to report. It 
would seem, perhaps, the duty of those of us who have passed through 
the beginnings of intrathoracic surgery to tell of some of our difficulties 
and failures for the benefit of the younger men. I suspect, however, 
that the value of such a review is of chief importance to the writer him- 
self since it gives him opportunity of considering his surgical activities 
as a whole and so of forming a more just estimation of the usefulness 
of the work he has performed. 

Our first four pneumonectomies performed before 1938 all proved 
fatal; if they had not been of value to us in demonstrating the most 
frequent sources of failure and so assisted us in our subsequent eases, I 
should like to place a veil over the unfortunate results we obtained. 
With one exception the cases were very doubtful for surgery: the isola- 
tion of the vessels we found difficult; there was considerable bleeding 
during operation. Excessive time was consumed in attempting bizarre 
and complex methods of closing the main bronchus, and shock occurred 
during operation and continued until the fatal issue, despite trans- 
fusions and oxygen. In one of the cases (the only one in which we have 
used the two-stage method) we were guilty of gross error in judgment 
in that the second operation was carried out despite the presence of a 
Bacillus welchii infection of the pleura. In two eases technical mistakes 
had much to do with the subsequent fatalities; in one, injury to the 
pulmonary artery caused hemorrhage which was controlled with the 
greatest difficulty, and in another the right auricle was torn in the 
process of isolating the lower pulmonary vein. 

Following a review of these cases a simpler form of technique was 
adopted with a very considerable improvement in our morbidity. Since 
January, 1938, we have performed eighteen total excisions of the lung 
for various conditions; fifteen of these (including all cancer cases) were 
dissection pneumonectomies with a mortality of two, and the remaining 
three were tourniquet excisions. All of the patients made good recoveries. 


The work on which this paper is based was performed in close collaboration with 
Dr. R. M. Janes with whom the actual operative procedures were almost equally 
shared. 

From the Toronto General Hospital and the Department of Surgery, University of 
Toronto. 

Read before the Twenty-Fourth Annual M@eting of the American Association for 
Thoracic Surgery, Toronto, Canada, June 9, 10, and 11, 1941. 
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All of these cases have been performed in one stage and we feel that, 
unless there be a special reason in an individual patient, the one-stage 
procedure has distinct advantage over the two-stage method. The dis- 
section is certainly easier, and it would seem to us that, once the pul- 
monary artery and bronchus have been isolated and dealt with, the 
remainder of the procedure is not so time consuming as to add mate- 
rially to the danger of the operation. 


Fig. 1.—Method of dealing with the main bronchus. (Forceps as drawn are consider- 
ably heavier than those actually used.) 


Intratracheal ether or cyclopropane has been used in nearly all our 
cases, and we have abandoned here, as in lobectomy, the use of spinal 
anesthesia. 

Technically we have very little to add to methods reported in the 
available literature on the subject. With two exceptions we have used 
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the posterolateral incision and the fifth or sixth interspace as our portal 
of entry, because in our hands it gives better access to all of the structures 
about the lung than does the anterior approach. In all of those patients 
(fifteen in number) on whom dissection pneumonectomy was employed, 
the vessels have been separately and doubly tied with fine silk. -An 
ordinary encircling ligature is applied as close proximally as possible; 
this is then supplemented by a transfixion ligature about the vessel 0.5 
em. distal to the former. In our earlier cases we spent considerable 
time and added greatly to the shock of the operation by complex meth- 
ods of dealing with the bronchus. We have found that the simpler the 
technique the better our patients have done. We leave the division of 
the bronchus until all of the other structures of the hilus have been 
dealt with, severing it about *4, inch distal to a pair of light Kocher 
foreeps applied immediately below the tracheal opening. A few inter- 
rupted fine silk ligatures are then inserted and the closure completed 
by a running suture of chromicized catgut. In two eases the silk sutures 
were omitted. A small amount of sulfapyridine is powdered over the 
adjacent raw area and the pleural margins brought over the divided 
hilar structures with a continuous catgut suture. With this simple 
method not a single fistula has developed, despite the fact that there has 
been a pleural infection in three cases. 


BRONCHIOGENIC CARCINOMA 


Since January, 1938, total pneumonectomy has been performed on 
nine cases of bronchiogenie carcinoma with two deaths. In both of the 
fatal cases the disease was too far advanced to offer any hope of perma- 
nent cure, and in neither would we today consider operation advisable. 
In one the dissection onee begun necessitated the excision of glands, all 
showing metastases, in immediate relation to the main bronchus on the . 
opposite side; in the other, mediastinal glands were found at autopsy 
filled with secondary new growth. In both of these patients death 
oceurred a few hours after operation and was probably caused by hemor- 
rhage, in one from a large vessel and in the other from the very wide 
denuded surface in the upper chest from which dense adhesions had 
compelled an extrapleural separation of the growth from the thoracic 
wall. 

Of the seven patients who recovered, one died ten months after opera- 
tion, the other, eight months after operation; one of these patients had 
a three years’ and the other a year’s history of the disease. Of the five 
patients still living, one (now 34 years of age) has survived three years; 
three have lived over one year, and none has a known recurrence. All 
appear to be well at the present, time. 

In none of these cases of cancer that survived operation did an 
empyema occur while the patient was in the hospital, but one patient 
suffered an acute infection of the throat two weeks after reaching home. 
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During the course of this infection he developed an acute pleural ef- 
fusion from which a pure culture of pneumococeus Type IIT was ob- 
tained. Drainage was instituted, and there remains now, eighteen months 
later, a small cavity on the right side from which an insignificant amount 
of pus is discharged daily. This patient has continued-.his work with- 
out difficulty, and, in view of the uncertainty of a permanent cure, we 
have not advised a thoracoplasty. 


TABLE I 


CASES OF TOTAL PNEUMONECTOMY 


CASES DEATIIS 


Carcinomas 13 6 
Nonmalignant tumors 0 
Inflammatory disease 5 0 


99 


TABLE IT 


ToTaL PNEUMONECTOMY FOR CARCINOMA OF LUNG 


CASES 


DEATHS 


Before Jan. 1, 1938 “4 a 
Since Jan. 1, 1938 9 2 


Surviving 


While we feel some reason for cheerfulness in that we ean present a 
small number of patients in whom there is a chance of permanent cure, 
I am perturbed at the large number of vain explorations that we per- 
formed in order to find a few eases that could be considered suitable 
for excision and am sure that many of the eases that are explored today 
should never be put to the pain, disappointment, and expense of sur- 
gery. It would seem to me that, with our increasing experience, we 
should be able before operation to define more clearly the boundary be- 
tween operable and inoperable cases. 


NONMALIGNANT TUMORS OF THE LUNG 


We have operated upon four nonmalignant tumors of the lung; of 
these, three were bronchial adenomas all removed by total dissection 
pneumonectomy. 


TABLE IIT 


ToTAL PNEUMONECTOMY FOR NONMALIGNANT TUMORS 


CASES DEATHS 


Bronchial adenoma 3 
Cavernous hemangioma 1 
4 
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In one of these (a 63-year-old woman) removal presented considerable difficulty 
because of the size of the mass as well as the old and very firm adhesions by which 
it was bound especially to the diaphragm. This was first reported by the pathol- 
ogists as a case of carcinoma, but further study changed the diagnosis to adenoma. 


Fig. 2.—Radiograph showing cavernous hemangioma of lung. 

The fourth case, which will be described more fully elsewhere, merits a short 
reference here. The patient was a young married woman, aged 23 years, who 
throughout her life had been cyanotic and somewhat dyspneic. These symptoms had 
become more marked during the year preceding her admission, and she had suffered 
from increasing weakness. She had very few symptoms referable to her chest, but 
x-ray examination showed a shadow extending from the hilus into the base of the 
right lung. The hemoglobin was 130 per cent, and the R.B.C., 9,000,000. Tests of 
blood taken from systemic vessels demonstrated that there was an abnormal diver- 
sion of blocd between the pulmonary artery and the pulmonary vein, and a diag- 
nosis of cavernous angioma was made. Pneumonectomy was performed on Feb. 14, 
1940, through an anterior incision 8 inches in length, the portal of entry being the 
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fourth interspace, which was opened from the midaxilla to the sternum, the deep 
mammary vessels being cut between ligatures. No adhesions were found in the 
pleura except some minor ones anterior to the hilus. On examination of the lung 
there was a widespread, slow, expansile pulsation of the whole lower lobe, most 
marked posteriorly and in the region of the root of the lung and believed to extend 
into the middle lobe at the hilus. The mass was soft. The blood could be squeezed 


Fig. 3.—Radiograph showing stenosis (tuberculous) of the left main bronchus with 
bronchiectasis outlined by lipiodol. 


easily from the lung by digital pressure and, when the pulmonary artery was com- 
pressed between the fingers, did not return. The pulsation in the tumor was con- 
trolled readily by the same means. While it appeared likely that the tumor was 
limited to the lower lobe, it was obvious that it extended deep into the hilus and 
that cure was more probable if a total excision of the lung could be performed. 
Therefore the pulmonary ligament was divided as high as the inferior pulmonary 
vein and the pleura about the hilus injected as usual with novocain. The anterior 
pleura was then divided and pushed medially from the face of the large vessels. 
Difficulty was at once encountered; there was considerable oozing of very thick, 
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dark blood from the cut pleural surface, and the vessels appeared to be very ad- 
herent or perhaps fused to one another since no line of cleavage could be discov- 
ered. In view of these facts we were forced to carry out the pneumonectomy with 
the assistance of a tourniquet which was placed on the hilus as close to the 
mediastinum as possible. The lung was then cut away at a point 1 inch distal from 
the tourniquet, the section passing through numerous large blood sinuses. No dif- 
ferentiation could be made between arteries and veins on the divided surface since 
all of them appeared to have about the same wall thickness. As many of the larger 
vessels as possible were tied with catgut, and then, before the tourniquet was released, 
the whole pedicle was oversewn with a continuous chromicized catgut suture. Imme- 
diately following the operation it was evident that the patient had a large intra- 
pleural hemorrhage; from this she recovered rather slowly but completely. Her 
blood picture became normal. Her physician recently reported to us that she was 
seven months pregnant and had never before felt so well. 


INFLAMMATORY DISEASE 


Of the five cases of inflammatory disease for which we have per- 
formed total pneumonectomies, two were for tuberculous stenosis of the 
main bronchus. Both of these had had pneumothorax induced previ- 
ously but discontinued some months before admission to our wards. One 
of these patients, a woman, aged 37 years, was first seen in the sana- 
torium where she had been a patient for many months. At that time 
she had a septic temperature and a large amount of sputum. Continu- 
ous drainage was carried out by elevation of the foot of the bed, and 
gradually her temperature returned to normal and so remained for over 
a month before operation was undertaken ; the sputum was, during this 
interval, reduced to a small amount. At operation there was found a 
complete obliteration of the pleura; a line of cleavage was, however, 
easily found and mobilization of the lung proved surprisingly simple. 
In both eases the main bronchus was represented by a cord barely 6 mm. 
in diameter, with a central opening 2 mm. wide. There are many pa- 
tients similar to these in our sanatoriums, and the very happy results 
obtained in those we have operated upon would seem to indicate a field 
for radical surgery that has been untouched in this country. 


TABLE IV 


TOTAL PNEUMONECTOMY FOR INFLAMMATORY CONDITIONS 


CASES DEATHS 
Tuberculous stenosis of main bronchus 0 
Chronic abscess 0 
Bronchiectasis 1 0 
5 0 


Two cases of abscess of the lung were treated by total pneumonectomy. 
In the first of these an error in diagnosis was made and the lung was 
removed by the dissection method on the assumption that the intrapul- 
monary x-ray shadow was that of a malignant tumor. This patient 
developed an infection in the pleura for which a successful wide thoraco- 
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plasty was later performed. The second patient had, in the lower lobe, 
a chronic, deep-seated abscess for which we considered lobectomy the 
proper form of treatment. During the separation of very firm, mul- 
tiple pleural adhesions, the lung was torn in several places and no line 
of cleavage could be found between the lower and upper lobes. We 


Fig. 4.—Radiograph showing inflammatory disease of the lung operated upon in error 
as a bronchial carcinoma. 


were thus faced with the problem of performing a total pneumonectomy 
or leaving the patient with an untreated abscess and an assured empy- 
ema. In this dilemma we chose the radical procedure which was ear- 
ried out by the tourniquet method. Infection of the pleura followed 
and with it a pleurobronchial fistula (the only one in the series) ; both 
of these were cured by subsequent graded thoracoplasties. 

We have treated a single case of bronchiectasis by a one-stage total 
pneumonectomy. In this case we used the tourniquet. Why no fistula 
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or empyema developed I cannot understand, but following the opera- 
tion the patient made a speedy and complete recovery. 


SUMMARY 


This review reports the results in twenty-two cases in which total 
pneumonectomy was performed for a variety of conditions, including 
bronehiogenie cancer, nonmalignant tumors of the lung, and inflam- 
matory disease with complications encountered during and after opera- 
tion, and a note on the subsequent history of some of the patients. The 
first four of these patients died, but, of the eighteen operated upon sub- 
sequent to Jan. 1, 1938, all except two made excellent recoveries, a 
mortality of slightly over 11 per cent. 


DISCUSSION ON ‘‘SIGNIFICANCE OF METASTASIS IN PRIMARY CARCINOMA OF 
THE LUNGS’? BY DR. ALTON OCHSNER AND DR. MICHAEL DE BAKEY ;* 
**4 TOPOGRAPHIC CLASSIFICATION OF CANCER OF THE LUNG, WITH 
SPECIAL REFERENCE TO THE SURGICAL IMPLICATIONS OF THE 
CIRCUMSCRIBED VARIETY’? BY DR. HAROLD NEUHOF, DR. 
COLEMAN B. RABIN, AND DR. IRVING A. SAROT ;t+ 
‘*PNEUMONECTOMY FOR CARCINOMA OF THE 
LUNG’’ BY DR. STUART W. HARRINGTON ;i 
AND ‘“‘EXPERIENCES WITH TOTAL 
PNEUMONECTOMY’” BY DR. NOR- 

MAN SHENSTONE 


DR. EVARTS GRAHAM, St. Louis, Mo.—There are a few things that I should 
like to say pertaining to the subject of pneumonectomy, particularly for carcinoma. 

I look with a good deal of misgiving upon notes of pessimism about this subject 
which have been expressed this morning, and also which I hear from time to time 
expressed by members of this organization, that is, by those who are doing this work 
and who are actively interested in it. 

I do not feel any occasion for any very marked pessimism in regard to this sub- 
ject. I feel that we are all in too great a hurry to attain something near perfection. 
When one realizes that it is less than ten years since the first pneumonectomy for 
carcinoma of the lung was done, and that practically everything that we have learned 
about indications for the operation and about the operation itself has happened in 
that brief interval, I see no particular occasion for discouragement. 

If we look back to the time when surgery for cancer of the colon, for instance, 
was only 10 years old, or surgery for cancer of the breast and surgery for cancer 
of the uterus, or any other organ, we must see that the results which we have ob- 
tained in less than ten years have far outranked those results which were obtained 
in regard to these various other organs of the body. 

We have heard of what I believe are very encouraging and very excellent results 
presented this morning. I may say that in the last eighteen months—that is, from 
January 1, 1940, to June 1, 1941—we have had experience with twenty pneumonec- 
tomies for carcinoma, with five deaths, or an operative mortality of 25 per cent. 

This, I believe, is not too terrible a mortality for this sort of work at the stage 
at which it now is in the year 1941. Moreover, lest we get too discouraged about 


*See page 357 for article by Ochsner and DeBakey. 
7See page 388 for article by Neuhof, Rabin, and Sarot. 
tSee page 396 for article by Harrington. 
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end results, I may say that in our own experience we now have seven patients who 
are living more than three years. We have twenty patients who are living more 
than a year and a half without evidence of recurrence of the carcinoma. One pa- 
tient is now in his ninth year, perfectly well. One patient is in her sixth year; two 
patients are in their fifth year, and so on. 

Now, if one compares that with the results obtained, for example, with operations 
for cancer of the stomach, I believe that we have no particular cause for discourage- 
ment. 

In bronchiogenic carcinoma, we have a condition which can be accurately and 
positively diagnosed in about 75 per cent of the cases at a time when the case is 
operable. The difficulty, of course, is that the medical profession and the public 
also have not yet been educated to the importance of this condition and to the fact 
that first of all there is a treatment which may be successful. 

In the second place, they have not been educated to the fact that there is a means 
of diagnosing these cases at a time when they are operable. If we can educate both 
the public and the medical profession to those two facts, there is no doubt in my 
mind that ten years from now the reports can be made of far larger series of suc- 
cesses, of five-year cures of this condition, than can be made today. That is in- 
evitable, in my own opinion. 

There will always be, of course, in this condition, it seems to me, a relatively 
high operative mortality. We are dealing for the most part with people who have 
made the turn in life—that is to say, who are beyond middle age—in whom the 
processes of degeneration have already begun. ; 

These patients, of course, inevitably are the ones who do not withstand the tre- 
mendous upheaval of an operation such as the removal of a lung so well as if they 
were younger subjects. Everybody knows that the operation for pneumonectomy in 


children is a procedure so well tolerated that to the uninitiated it seems almost 
miraculous. 


Furthermore, inevitably we shall always have to deal with patients who are suf- 
fering from the complications of bronchiogenic carcinoma, namely, abscesses and 
other types of pulmonary suppuration, which of course complicate the procedure. 
Nevertheless, by bronchoscopic examination in patients who present suspicious signs 
of carcinoma, I believe that we can without doubt state with a fair degree of as- 
surance that a positive diagnosis can be made in 75 per cent of such cases and that 
in perhaps another 5 or 10 per cent a sufficiently accurate diagnosis can be made by 
clinical and x-ray examination, perhaps to bring the total number of cases in whom 
we can make a diagnosis of bronchiogenic carcinoma to about 85 per cent instead 
of 75 per cent now, at a stage at which the condition may be considered operable. 

I mention this latter point with a fair amount of assurance because we have 
had an experience in seven cases in which we were unable to make the diagnosis 
with a bronchoscope and in which the clinical and x-ray evidence was so strong 
that we subjected the patients to exploratory operation. In five of these patients 
we were able to do a total pneumonectomy. Three of the patients survived more 
than a two-year period, still without any evidence of recurrence. 

There are certain points which come up which I did not hear mentioned this 
morning concerning the question of operability, which I believe I might mention 
aside from those features, such as age, which deal with the general condition of 
the patients. We feel, of course, that positive evidence of metastasis elsewhere is a 
contraindication against total pneumonectomy. We feel that the presence of pleural 
fluid, no matter whether it is bloody or simply serous, is a contraindication for the 
reason that we in our experience have never been able to get away with a total 
pneumonectomy with the survival beyond a six-months’ period in a patient with 
pleural fluid, 
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There is another bit of evidence—two bits, in fact—which we believe important 
concerning this condition. One is the evidence of nerve involvement. In this con- 
dition we are fortunate, I believe, in the fact that in a fairly large proportion of 
extensions from the local growth there is involvement of nerves which will, neces- 
sarily, it seems to me, hold us back from subjecting the patient to a radical op- 
eration. 

Now, the evidences of nerve involvement are rather easily detected in this con- 
dition. One which is commonly involved is the phrenic nerve. If the diaphragm 
is paralyzed, we no longer subject the patient to a radical operation or, for that 
matter, any operation. If on the left side there is a tumor, and the left vocal cord 
is paralyzed, likewise we no longer subject a patient to operation. 

If the patient has much pain, it is an indication, according to our experience, 
that either the brachial plexus or intercostal nerves are involved with the cancer, and 
we have found that it is folly to subject such patients to operation. 

Again, if there is marked fixation noted by a bronchoscopic examination, we find 
that that sign is a bad one, and in the great majority of cases we find that it is 
impossible to perform a total pneumonectomy, even after we have explored the 
patient’s chest. 

That gets me back to one other point which I mentioned just a moment ago—that 
is, the question of discouragement about the subjection of patients to exploratory 
operations when they have this condition. 

While I always feel somewhat upset after an exploratory operation when I find 
an inoperable state of affairs, nevertheless I have so often found a case to be op- 
erable in spite of previous fears to the contrary that now I feel much less upset 
than formerly when I encounter at exploration a really inoperable condition. This 
is, of course, a disease which is characterized by 100 per cent fatality if not re- 
moved, and therefore I feel that the patient’s family, at least, who understand 
the nature of the condition, will not resent a negative exploratory operation. By 
‘‘negative’’? I mean the finding of a hopelessly inoperable condition if previous 
to operation the possibilities are adequately explained. 

Of course, I suppose everybody uses the dissection method for total pneumonec- 
tomy. It is the method of choice which Dr. Blades and I use in our work. Oc- 
easionally, however, we resort to a tourniquet removal, as Dr. Shenstone has done 
in some of the cases that he reported this morning. This is an unsatisfactory 
procedure, in our opinion, but yet it is better than nothing at all, and we have 
had some excellent results with the tourniquet method in eases in which otherwise 
the operation might have been a fatality on the table. 


DR. WILLIAM F. RIENHOFF, JR., Baltimore, Md.—Although the series of 
cases of total pneumonectomy which I have to report is relatively large (fifty- 
five cases), it is actually quite small. 

There are certain features concerning total pneumonectomy which I should like 
to consider. In both informal ‘and formal discussions, in the past, Dr. Graham and 
Dr. Churchill have influenced me to think of the technique of total pneumonectomy 
from a great many different angles, and previous conversations with them have 
stimulated me much more than perhaps they are aware. From Dr. Graham I re- 
ceived many useful ideas in regard to the necessity, or lack of it, of drainage of 
the thoracic cavity, following total pneumonectomy, and, from Dr. Churchill, the 
value of using a tissue graft of various sorts as a method of successfully closing the 
bronchus. It is not that I have always agreed with them, but their suggestions have 
always been pertinent and most instructive. 

In the first place, I should like to discuss the closure of the bronchus. It seems 
to me that to draw conclusions of the successful method of closing the bronchus 
from a small series of cases is likely to lead one into error. From the group of 
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cases upon which I have operated, it became evident to me that a number of factors 
were involved in the successful closure of the bronchus. The method and type of 
suture as well as the presence or absence of gross infection of the primary bronchus 
play a major role in the primary healing of the bronchial stump. 

Undoubtedly variations in the circulation to the primary bronchus in otherwise 
normal persons may affect the ability of the bronchus to heal per primum. It is to 
be noted that the application of the bronchial artery to the posterior surface of the 
bronchus occurs from 1 to 2 em. distal to the bifureation of the trachea. Thus 
there is a relatively ischemic area in the first part of the primary bronchus which 
will heal less vigorously. In view of this fact the better procedure would seem to 
be an amputation of the bronchus at the point of its departure from the trachea. 
Such an excision presents the appearance of having incised the lower end of the 
trachea on the bias. The opening in the lateral wall of the trachea to the carina 
is then closed with interrupted mattress sutures of silk or cotton and some of the 
mediastinal areolar tissue stitched against the suture line. The lower end of the 
trachea receives an excellent circulation from the inferior thyroid artery. 

I have been most interested in this splendid symposium on primary carcinoma of 
the lung and should like to congratulate Dr. Ochsner, Dr. DeBakey, Dr. Neuhoff 
and his associates, and Dr. Harrington, and Dr. Shenstone. As time does not permit 
a discussion of each of these papers, I shall confine my remarks to the technique of 
pneumonectomy with particular attention to the closure of the bronchus. 

The series of cases from which my experience has been gained now consists- of 
fifty-five patients upon whom I have performed a total pneum4nectomy. In this series 
there have been thirteen deaths, a mortality of 23.6 per cent. The case distribution 
has been as follows: carcinoma, forty-six cases, ten deaths, 21.7 per cent mortality ; 
sarcoma, two cases; tuberculosis, four cases; abscess, two cases; and bronchiectasis, 
one case. 

There have been 125 patients operated upon for carcinoma of the lung, revealing 
a percentage of operability of 36.8 per cent, with 63.2 per cent inoperable. In 
forty-six cases of carcinoma, ten or 21.7 per cent developed an opening of the 
bronchus to a greater or less degree between the tenth and twenty-first days. Of the 
ten, three died while seven cases healed completely. The three who died were 
sutured with interrupted No, 2 chromic catgut in two instances and No. 2 plain 
catgut in one. In these cases the bronchus opened to the fullest extent at the end 
of one week, and the patients succumbed to a secondary aspiration pneumonitis. 
These were cases early in the series, and catgut as a suture to close the bronchus 
has been deemed unsafe. The remaining seven cases healed by secondary intention 
after a long period of months in the presence of an internal bronchial fistula. In 
the latter cases the bronchus in each instance was closed with interrupted silk su- 
tures. It has therefore been obvious to me that mere suture of the bronchus, no 
matter by what method or suture, does not assure one that a bronchial fistula will 
not develop. The most satisfactory suture has been found to be the anteroposterior 
mattress suture described in 1937, but even in this type of closure a leak will oe- 
casionally occur. 

After all types of suture material were employed to close the right and left pri- 
mary bronchi in adult dogs with varying results, a series of thirty-four consecutive 
pneumonectomies were performed, nineteen on the right side and fifteen on the left. 
The bronchi in these adult dogs were closed with one row of interrupted mattress 
sutures of fine silk placed anteroposteriorly, and primarily for the sake of neatness 
the mediastinal pleura was sewn over the sutured end of the bronchus. After more 
than one month had elapsed from the time of operation, the animals were sacrificed, 
and the bronchial stumps proved to be healed solidly. In no instance was there a 
leak. There were no deaths in this series. In each case lipiodol bronchograms made 
before the animal was sacrificed revealed complete healing of the bronchial stump. 
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At autopsy, the chest having been filled with water, the bronchi were proved to be 
airtight. However, dissection of the specimens together with a study of the micro- 
scopic sections revealed that the mechanism of healing of the bronchial stump varied 
widely. Four types could be distinguished. 

' Type 1.--Bronchus heals as it was left at operation. Ends taper down to flat, 
straight line. Sutures may or may not be in place. 

Type 2.—Bronchus breaks open along suture line but heals because of mass of 
tissue, granulations, or peribronchial structures occluding the end. 

Type 3—Bronchus springs open during healing. Sutures have given away, but 
healing is effected because of a membrane which closes the open end. 

Mixed Types.—Part of the bronchus heals one way. Another part further along 
the line of closure is found to have healed another way. 

In only eight dogs (Type 1) did the bronchus heal as it was sewn at operation. 
In three animals the healing was as in Type 2, i.e., by a plug of granulation tissue 
filling up the end of the bronchus. The end of the bronchus had sprung com- 
pletely open in seven instances, the silk sutures having cut through, and the medi- 
astinal pleura had grown to the wide open end of the bronchus, occluding the latter 
completely. The bronchial epithelium subsequently grew across this pleural mem- 
brane to form a mucosal ‘‘cul de sac.’’ In the sixteen remaining animals the heal- 
ing was a mixture of the above three types. 

In a second series of twenty-one animals (ten right and eleven left pneumonec- 
tomies) after the amputation of the bronchus sheer with the trachea, the mediastinal 
pleura was stitched over the opening in the side of the trachea remaining after 
removal of the bronchus. There were no sutures taken in the tracheal or bronchial 
wall. The increased intratracheal pressure sufficient to hyperventilate the contra- 
lateral or remaining lung brought about a firm application of the opening into 
the trachea against the mediastinal pleura. The lung having been expanded in the 
usual manner, the chest wall was closed. There were no deaths in this series. 

Microscopic examination revealed Type 3 healing, i.e., the opening in the trachea 
or bronchial stump closed over by the membranous mediastinal pleura lined on the 
bronchial side with a modified bronchial epithelium. 

Tensile strength of the healed bronchus in a series of nine dogs revealed an 
average strength of closure at the time of operation to be 12 mm, Hg. At the end 
of twenty-four hours in three, the stump did not leak until the intratracheal pressure 
was run up to 135, 140 and 85 mm. Hg. In two dogs after three days the stump 
held to 110 and 75 mm. Hg, and in five dogs after two days, to 100 and 90 mm. 
Hg. Finally two animals examined on the seventh day withstood 135 and 120 mm. 
Hg. 

It would seem that in these experiments, closure of the amputated bronchial stump 
or opening in the tracheal wall is brought about mainly by the healing of extra- 
bronchial tissues. There would seem to be no infallible method of suture which 
alone can be depended upon. The most important factor is the covering over of 
the sutured stump with mediastinal pleura, or, in the event this is not available, a 
flap of pulmonary artery distal to its ligated portion or a similar flap on the right 
side of the azygos vein may be employed. 


DR. RICHARD H. OVERHOLT, Brookline, Mass.—We are all in agreement that 
carcinoma of the lung is a surgical problem. We also agree that a great many 
aspects of this subject need to be solved. Dr. Ochsner and Dr. Sarot have clarified 
certain phases of the clinical picture for us. Dr. Shenstone, Dr. Harrington, Dr. 
Rienhoff, and others have emphasized certain technical matters which will help to 
reduce operative mortality and make the procedure safe for the patients who must 
face it. 
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It would seem important to emphasize the necessity of thoracic exploration in 
doubtful cases. For example, what is one to advise a patient who consults his 
doctor because of a cough when the roentgenogram shows an abnormal shadow, 
and bronchoscopy is negative? Should not there be established a clear-cut policy of 
recommending surgical exploration in all cases which yield only presumptive evi- 
dence? 

The problem in the ease of a tumor within bronchoscopic range is quite clear-cut. 
It is then merely a matter of determining whether or not the lesion has extended be- 
yond the lung and if the general condition of the patient is fit. One then proceeds 
with exploration of the chest and resection, even with palliative resection if such a 
course offers a reasonable chance of prolonging life. 

Now, for the other group, possibly 25 per cent, who present themselves with 
presumptive evidence only, we must have a clear-cut idea of what we are going to 
do or many will slip beyond the stage of operability. 

Three months ago I saw a patient who was in the end stage of carcinoma of the 
lung. Fourteen months previous to this time he had called in a pediatrician to see 
one of his children. The pediatrician noticed that the father was coughing and 
suggested that he have an x-ray examination of the chest. An abnormal shadow 
was found in the film. The patient was referred to a bronchoscopist who reported 
negative findings and recommended that he return in six weeks for another exam- 
ination. The patient did return; in fact, he did everything his doctors told him to do. 
He had an x-ray examination of the chest; he submitted to a bronchoscopy; and he 
eame back for a second bronchoscopic examination. .This was also negative, so he 
was advised, ‘‘Come back in three months.’’ 

At the end of three months there was a visible mass, and the diagnosis was estab- 
lished. The patient was then advised to have x-ray treatment, and of course, this 
man will die of carcinoma of the lung. 

There ought to be some way to speed up curative treatment. As a policy, we 
should employ thoracic exploration as we resort to abdominal exploration in doubt- 
ful cases. 

It might be of interest to show before this Society the results that have been 
obtained by Dr. Betts and me in the investigation of 127 proved cases of primary 
malignancy of the lung. 

(Slide) The method by which tissue was obtained to establish the diagnosis is 
shown in this slide. We resorted to thoracic exploration in 22 per cent of all cases 
seen. Aspiration biopsy was not attempted in any operable case because, if we found 
malignant cells, we would want to explore the chest; and, if we did not find malig- 
nant cells, we would still want to explore the chest. 

Dr. Ochsner brought out, of course, the other objection to biopsy by aspiration, 
that of the danger of needle-track implantation. In our group, 22 per cent had their 
diagnosis first settled by thoracic exploration, and 61 per cent, by bronchoscopic 
biopsy. 

(Slide) I have tried to show here how the entire group of 127 patients has been 
broken down in respect to disposition. It is of interest that but seven lesions were 
first discovered at autopsy. 

After clinical examination, 41 per cent of the entire group showed no demonstrable 
evidence of extrapulmonary extension. Only five patients were turned down because 
we considered their general condition too poor to warrant thoracic exploration; 
that is to say, they were either too old or their condition was too poor to warrant 
surgery. Three patients refused operation, and that left us with a residual of forty- 
seven apparently operable patients. Thirty-one proved to be apparently free of 
metastatic disease after exploration. This chart includes four patients treated by 
pneumonectomy. There were nine operative deaths—one following lobectomy, and 
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eight following pneumonectomy. Four patients have died since without evidence 
of malignancy. Two of these were patients who had lesions on the right side. We 
feel that, if thoracoplasty had been used to correct the distortion of the mediastinum 
and to prevent emphysema from developing in the contralateral lung, probably two 
of these patients would still be alive. 

It is significant that, of the three patients who died of recurrence, two were 
treated by lobectomy early in our experience. Two patients are living with 
metastatic disease, both having had palliative resections. 

This leaves a residual of thirteen living patients who do not show evidence of 
recurrence. Two of these have passed the seven-year mark; one has passed the 
five-year mark; and seven have passed the four-year mark. Since Dr. Shenstone 
mentioned pneumonectomy for conditions other than malignancy, I thought it might 
be of interest to show here our experience in mortality reduction. 


Totat LuNG RESECTION 


OPERATIVE 
DIAGNOSIS NO. 1s PER CENT 
Careinoma 1933-1936 9 4 44 
Carcinoma 1937-1941 19 4 21 
Miscellaneous* 20 1 5 
Total 48 9 18 


*Benign tumor, 2; suppuration, 14 (1 death) ; tuberculosis, 4. 


In our experience with carcinoma, the mortality in the first four years was 44 
per cent. During the past four years, that has been dropped to 21 per cent, nine- 
teen patients with four deaths. It should be mentioned that two of the deaths in 
the second group were in patients who had previously been treated heavily by x-ray 
therapy. In both we felt this complicated the surgery. 

Twenty patients have been treated for nonmalignant conditions with one death, 
a mortality of 5 per cent. The single death occurred in a patient who had been 
treated for bronchiectasis by deep x-ray therapy extensively over a period of two 
years previously. The lung was reduced to a fibrous mass. It was a difficult prob- 
lem to remove it, and I feel the x-ray treatment might have contributed to the 
fatality in that case. 

Mention of x-ray treatment again brings us to the question of what we shall do 
with the patient who has presumptive evidence of malignancy of the lung. Should 
x-ray treatment be given without a verified diagnosis? Should we not insist that 
this condition is a surgical disease until inoperability is definitely established or un- 
til the presence of malignancy is ruled out in the suspected case? 


DR. EDWARD D. CHURCHILL, Boston, Mass.—The topic of cancer of the lung 
is so broad that I cannot trust myself not to stray from the material presented by 
the essayists this morning, and, despite the many fascinating problems suggested 
by Dr. Ochsner, Dr. Harrington, and Dr. Shenstone, I am going to limit further 
what I have to say to some comments regarding the very interesting paper read by 
Dr. Sarot, because I believe that progress in the diagnosis, therapy, and prognosis of 
this disease must lie in further breaking down the group of neoplasms that we now 
discuss under one heading as cancer of the lung. 

The Mount Sinai School has chosen to break down this group by topography, and 
they have made a very excellent contribution. I can agree with them in everything 
that has been said. However, topography distinctly has its limitations, and we can 
look ahead toward something better. 

The classification into cireumseribed and uncireumseribed is helpful but is really 
an example of what Dr. Lilienthal has referred to as the ‘‘art of surgery.’? The 
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art of surgery may be defined as making the correet guess on the basis of insufficient 
evidence. There are, however, many correlations between clinical behavior, prog- 
nosis and operability, and a topographic classification. «i 

The histogenie classification of tumors has proved in every other region of the 
body to be the most productive in an understanding of the natural history of a 
particular neoplasm. 

I suggest that in the circumscribed group of tumors, the Mount Sinai group is 
dealing very largely with adenocarcinomas, with a number of scattered peripheral 
epidermoid carcinomas and with an occasional undifferentiated, highly malignant 
cancer, but very rarely with the so-called oat-cell cancer. In the uncireumscribed 
group, the authors are dealing very largely with epidermoid carcinomas arising in 
large bronchi, with the undifferentiated and the oat-cell group, but only an occa- 
sional or rare instance of adenocarcinoma. And finally, while I know that Mount 
Sinai group does not classify them so, if one chooses to classify the so-called bronchial 
adenoma as a cancer, then a large number of adenomas would fall into the uncir- 
eumscribed group. 

I believe that, if cancer of the lung is sorted out into these four quite commonly 
recognized classes or groups by our pathologists, we can get a better idea of prog- 
nosis, a better guide as to therapy, and ultimately we may be able to do what Dr. 
Shenstone indicated, make a wiser decision as to the possibility of surgical treat- 
ment. 

A highly malignant, peripheral, circumscribed tumor may be ‘‘operable,’’ that is, 
readily extirpated. This does not indicate how efficacious the extirpation is going 
to be in arresting the disease. I predict that ultimately it will be found that a large 
proportion of arrested cases will be epidermoid carcinomas in what is referred to as 
the noncireumseribed or hilar group. However, it must be remembered that in the 
hilar region we find the greatest incidence of the undifferentiated and oat-cell types. 
I am very doubtful as to the ultimate efficacy of surgery in any appreciable number 
of these cases. 

So I believe that by topography we can make a shrewd clinical guess regarding 
certain technical problems. But it is unwise to draw any conclusions in regard to 
the type of operation necessary, or to give any prognosis as to the outcome until 
the histologic evidence has been correlated with the clinical behavior of these tumors. 

In conclusion, regarding the paragraph concerning which Dr. Shenstone invited 
discussion, I did not feel that he was sounding a note of pessimism. Pessimism is an 
emotional reaction in which none of us can indulge when the problem of cancer of 
the lung is faced. Realities, however, may be faced without pessimism and con- 
structive results obtained. Dr. Shenstone is too good a Briton to be pessimistic 
about the period of ‘‘blood, sweat and tears’’ that is ahead in dealing with cancer 
of the lung. 


DR. ETHAN FLAGG BUTLER, Ithaca, N. Y.—Pneumonectomy has won an ac- 
cepted place as a surgical procedure. But pneumonectomy has not yet been stand- 
ardized to the point where there are no remaining controversial issues. One may 
therefore be permitted to add the results of his own experience and, possibly, thereby 
contribute some facts which may help in clarifying some of the unsettled issues. 
My remarks are based upon my own personal experience with sixteen patients, 
twelve of whom survived the operation for a sufficient period of time to test ade- 
quately all questions of technique and surgical policy involved. 

The four surgical deaths are all chargeable to excessive pulmonary secretions 
which brought about death by drowning, bronchopneumonia, or anesthesia asphyxia, 
in one to three days. In addition to the four operative deaths there has been one 
late death. The other eleven patients are living, are in satisfactory clinical con- 
ditions, and are functionally unhandicapped. 
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In dealing with the hilar structures, the pulmonary artery has been doubly 
ligated with double No. 2 chromic catgut. Hemorrhage has never occurred. The 
pulmonary veins have for the most part been doubly ligated with single No. 2 
chromic catgut, occasionally with No. 1 plain catgut. The main bronchus has been 
closed in various ways. For the last two years I have approximated the mucosal 
surfaces of the bronchus by a row of continuous through-and-through No. 0 atrau- 
matic chromic catgut sutures, thereby occluding the lumen before the bronchus is 
sectioned by a carbolized knife. The same strand of atraumatic catgut is then 
utilized as a continuous locking suture coapting the sectioned edges of the bronchus. 
This technique has been used in eight eases. Not once has a bronchus opened or 
mediastinal infection occurred. 

Once only was the pneumonectomy done by mass ligation technique, and that was 
in the successful effort to remove an abscess-riddled right lung from an 11-year-old 
boy. This patient necessarily had an empyema and a bronchial fistula, but he sur- 
vives and is on the road to recovery. The complications were anticipated and his 
pleural cavity, therefore, was left wide open. We knew in advance that the medi- 
astinum was rigid. This is the only case in which a bronchial fistula has developed, 
and it might be said that this operation was a trilobe lobectomy rather than a 
pneumonectomy. All other cases were done by the individual ligation technique. 

The question of drainage is still a controversial issue. In only two cases of this 
series have drains been used. The previously mentioned boy was one of these two 
patients. The other patient was among the first cases. Both of these patients 
survive. In no case did lack of drainage directly contribute to a surgical death. 
Associated with the question of drainage is the question of empyema as a post- 
operative complication. In three patients, all of whom survived the immediate post- 
operative period, empyema has been encountered as a complication. Two of these 
three patients survived. In both instances the empyema was adequately drained. 
The third patient died, her death constituting the one late death in the series. In 
retrospect, I feel that in her case too much reliance was placed on chemotherapy 
instead of adequate surgical drainage. 

I prefer not to drain rather than to drain; to allow the empty pleural cavity to 
fill as rapidly as possible; to have a fibrothorax supervene and to avoid aspiration 
as far as possible, rather than to regulate the pleural tension within physiologic 
limits. 


DR. ROBERT M. JANES, Toronto, Canada.—My experience is so limited 
in this particular field that I hesitate to say much. I should like, however, to say 
one word about the closure of the bronchus. 

I find myself in agreement with Dr. Reinhoff on some of the points he has men- 
tioned. In the first place, the bronchus that is divided close to its origin is prob- 
ably more likely to heal. Perhaps that is in part due to better blood supply, 
perhaps in part it is due to the fact that, as it retracts, it is covered more ade- 
quately by the mediastinal tissues; and almost certainly the final healing depends 
upon those tissues and not upon the bronchus itself. 

The complicated ligation and suture of the bronchus has always appealed to me 
as being unsound, either ligation or mattress sutures, proximal to the point of 
division. In either event, epithelium applied to epithelial surface cannot heal. 
Epithelium, whether it be skin or mucous membrane of the intestine or bronchus, 
will not heal surface to surface. Therefore, those ligatures or sutures simply de- 
crease the blood supply at the point of division and lessen the chance of healing. 

I have a suspicion that a simple method of closure of the bronchus is the one 
that will survive. 

As T listened to the discussion, a remark of one of my old teachers of a good 
many years ago came to me, and perhaps applies. When he had watched me one day 
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put in a great many more sutures than necessary in the closure of a hernia, he said, 
‘*Doe, sutures don’t heal wounds, they keep them from healing.’’ 


DR. ALTON OCHSNER.—I should like to make a few remarks concerning the 
other papers. 

(Slide) This morning, several statements have been made concerning lobectomy 
in carcinoma of the lung. Whereas lobectomy may be justified as a palliative pro- 
cedure, it seems to me it should be considered only as a palliative procedure. I know 
that is not the opinion of many of you. It is our firm conviction, however, that in 
carcinoma of the lung the treatment should be total pneumonectomy. Even though 
the lesion is a minimal one, still we know that we are dealing with carcinoma and 
that the procedure must be radical. 

That is particularly true when one reviews the lymph drainage of the lung I men- 
tioned this morning as described by Rouviére. Simply doing a lobectomy will not 
remove the lymph drainage of a particular Jobe, because the lymph drainage does 
not correspond to the lobes. As I mentioned in my presentation, the lymph drainage 
is independent of the lobular distribution, and it is only by total pneumonectomy 
that one ean expect to do a complete removal. 

Obviously there will be some instances in which a palliative lobectomy might be 
justified, but I believe one should consider it as a palliative procedure. 


I believe that one should always attempt to do an artificial pneumothorax ‘asa 
preliminary procedure for two reasons. In the first place, it permits the cardio- 
vascular system to become accommodated to the strain which it will have after the 
pneumonectomy. Another advantage is that it helps one plan the operative pro- 
cedure. We prefer the anterior approach of Reinhoff when it can be done, and in 


those instances in which there are few or no adhesions we feel this is a much better 
procedure. 

In the patient who has extensive adhesions, however, particularly in the lower 
lobe and posteriorly, the posterior-lateral approach is preferable. 

We do not drain these cases, and we have not had cause to regret the absence of 
drainage. In addition to Dr. Graham’s contraindications, I should like to add one 
more, i.e., in a patient who has had an extensive preoperative irradiation. We have 
had two such instances and feel now that the patient who has been given extensive 
irradiation should not be submitted to pneumonectomy, because it has been our ex- 
perience that these wounds have not healed. The only instances in which a bronchus 
has blown were in these patients who had had extensive irradiation. 

I agree heartily with Dr. Graham and Dr. Overholt that exploration is justified 
in these patients. If we wait until we can make a definite preoperative diagnosis 
based on microscopic examination, we are going to fail in many of them. 

I have had an experience similar to that of Dr. Rienhoff, namely, the cutting off 
of the bronchus at the trachea. The first case I had was in a young man who had 
a sarcoma which had been visualized bronchoscopically. I performed a pneu- 
monectomy, turned the specimen over to the pathologist, and had already closed the 
bronchus when the pathologist who was present at the operation directed my atten- 
tion to the absence of the tumor in the specimen. The bronchial stump was then 
dissected up to the carina and was removed, including an adjacent portion of the 
trachea. The tumor was situated in this small segment of bronchus which was 
approximately 2 em. in length. This patient recovered satisfactorily and has had 
no evidence of recurrence since the operation was performed April 15, 1936. This 
case demonstrates the feasibility of sectioning the bronchus at its tracheal junction 
and even including a portion of the trachea and the closure of the resultant defect. 
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DR. HAROLD NEUHOF.—I should like to speak very briefly, if I may, for the 
three authors of the paper. We, of course, make no claim to the topographic classifi- 
cation as being the only one by which one should be guided. We have presented our 
observations because we believe that a topographic classification is useful clinically. 

Our main purpose has been to attempt to ascertain if leads as to probable op-- 
erability can be obtained by dividing cases into the circumscribed and into the non- 
circumscribed varieties. 

How much correlation exists between the topographic classification and a classifi- 
cation according to microscopic examination remains to be seen and will be reported. 
Because of the discussion of this subject I should like to call attention in closing to 
the fact that the great majority of the cases of circumscribed cancer of the lung 
presented no regional lymph node metastasis, whereas such metastases were common 
in the cases of diffuse or noncircumscribed cancer. It seems one cannot get away 
from these observations as facts, regardless of the opinion expressed as to the value 
of the microscopic examination of pulmonary tumors as a guide to operability. 


DR. STUART W. HARRINGTON.—I am very appreciative of the discussions of 
this subject and pleased that so much emphasis has been placed on early operation 
which is so essential to obtaining favorable results in the surgical treatment of car- 
cinoma of the lung. 

Dr. Graham has pointed out the importance of an educational program so that 
not only the patient but also the physician may realize that this condition can be 
treated successfully surgically. I am certain that most physicians and surgeons who 
have been interested in this field have realized for many years that malignant disease 
of the lung is essentially a surgical problem, the same as malignant disease else- 
where in the body. Dr. Graham’s successful pneumonectomy eight years ago has 
proved the practicability of surgical removal of this disease. I believe the most 
important consideration at present is early recognition and immediate operation. 


DR. NORMAN S. SHENSTONE.—I have very little to add to this discussion, ex- 
cept on the question of early diagnosis. I do not believe that we can expect very much 
change in the condition of things at the moment when so many cases come to us too 
late for surgery, unless there be a very active campaign in the education not only, 
as one gentleman said, of the medical profession, but of the public itself. 

I believe the same thing is true of carcinoma of the breast. Until we induce 
women over the age of 40 to have regular examinations by thoroughly competent 
physicians with especial examination of the breast on these occasions, we shall never 
diagnose cancer of the breast early. 

In the same way, unless examinations are conducted by careful physicians, we 
probably shall, in the large majority of cases, at any rate, see cancer of the bronchus 
late. 

My attention was brought to this matter rather recently. In the Canadian Army, 
made up for the most part, as you know, of young men between 20 and 30, an x-ray 
examination is made in every single instance, and we have in our ward at the 
present time a case of carcinoma of the lung picked up in this way. 

I believe it becomes a question, in a careful examination of patients everywhere, 
whether these examinations should be carried out with expert men. As a matter of 
fact, almost every form of cancer could be picked up months earlier if a thorough 
investigation were made of every patient, with very much less expense to the public 
than the leaving of such patients until such time 9s they are no longer operable, 
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UNEXPANDABLE LUNGS 
Report or 27 Cases 


JASON E. Farser, M.D. 
Burra.o, N. Y. 


TTENTION* ® has been directed to the problem of the unexpand- 
able lung. Unexpandable lungs were deseribed as lungs collapsed 
by therapeutic pneumothorax which fail to re-expand when re-expansion 
is attempted, resulting in permanently collapsed lungs with a so-called 
“‘dead pleural space.’’ Hence, this does not include the majority of 
lungs collapsed by therapeutic pneumothorax that terminate success- 
fully with complete obliteration of the pleural space by means of dis- 
placement of the mediastinal structures and diaphragm, by retraction 
of the chest wall, and by compensatory changes in the lungs. -_The 
condition is restricted to those permanently collapsed lungs with a 
permanent ‘‘dead pleural space.’’ 

It was found in a limited experience that roughly 5 per cent of 
cases of therapeutic pneumothorax terminate in unexpandable lungs, 
indicating that this is a significant clinical problem. The condition 
may be caused by factors within the lungs and bronchi designated as 
intrinsic, and by factors outside the lung but within the pleural cavity, 
designated as extrinsic. The intrinsic factors are chiefly massive 
parenchymal fibrosis, bronchial stenosis, and bronchial occlusion. The 
extrinsic factors are visceral pleural thickening, pleural adhesions, and 
bronehopleural fistula. Factors leading to the early recognition of an 
unexpandable lung are outlined. Of primary importance is the aware- 
ness that a collapsed lung may not be re-expandable. Familiarity with 
the etiology and pathogenesis of this condition follows in importance. 
Finally, intelligent and proper management of the pneumothorax with 
careful fluoroscopy, roentgenography, and close attention to manometric 
readings will serve for prompt diagnosis and possibly for prevention of 
this complication. 

From July, 1939, to July, 1941, 318 patients received therapeutic 
pneumothorax therapy at the Edward J. Mever Memorial Hospital. 
The majority of these patients had been under this form of treatment 
for several years. Many of these pneumothoraces were induced in 
various sanatoriums, but the patients came to this hospital to continue 
the treatment. In this group of patients, twenty-seven have been found 
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to have unexpandable lungs but in five of these a bronehopleural fistula 
has been demonstrated. In the twenty-two instances where a fistula 
was not the cause of failure in re-expansion the various other etiological 
factors seemed responsible. These are listed in Table I. For illustrative 
purposes several cases of the series are presented briefly. 


TABLE I 


TOTAL NO. 


ETIOLOGICAL FACTORS CASE SERIES NO CASES 
Bronchial stenosis 10, 19, 25 3 
Massive parenchymal fibrosis 1, 3, 4, 6, 8, 9, 10, 12, 14, 16, 21, 16 


23, 24, 25, 26, 27 


Visceral pleural thickening due to 
long-standing 


Pyo-(pneumo- ) thorax 7, 8, 12, 13, 15, 17, 18, 20, 21, 22, 11 
24 
Oleo-( pneumo-) thorax 12, 16 2 
Hydro-(pneumo-) thorax 2, 3, 4, 5, 7, 8, I, 16, V7, 21, 25, 13 
26, 27 
Pleural adhesions | 3 
Bronchopleural fistula 18. 15, 18, 22 5 
Collapsus imperatifs 6, 20, 27 5 


Since each case usually has several etiological factors, the numbers appear under 
two or more headings. 


CASE REPORTS 


Case 1.—A housewife, aged 26 years, was diagnosed in 1935 as having advanced 
tuberculosis of the left lung. The sputum was positive. Therapeutic pneumothorax 
was started in November, 1935. The sputum has been negative since 1936. The 
pneumothorax has been maintained to date by small refills at monthly intervals. 
Re-expansion was attempted during 1940. Refills were not given for eighteen weeks. 
During this time no re-expansion occurred. There was some displacement of the 
mediastinum to the left (Fig. 1), but it was not sufficient to obliterate the pleural 
space. A small amount of fluid appeared in the space but promptly disappeared 
after refills were again given. Little pulmonary detail can be seen in the collapsed 
lung, suggesting the presence of thickened visceral pleura. Fluoroscopy shows no 
movement of the collapsed lung or mediastinum. Bronchoscopy was reported as nega- 
tive. 


Comment.—The collapsed lung ¢annot be re-expanded. There is no 
history of persistent effusion in this case, yet the visceral pleura appears 
thickened and obscures pulmonaty detail. The thickened pleura prob- 
ably interferes with re-expansion. But the determining factor pre- 
venting re-expansion in this instance probably is massive post-tuber- 
culous intrapulmonary fibrosis due to the healing of extensive disease 
of the lung. A fixed mediastinum participates in preventing oblitera- 
tion of the pleural pocket. 


CASE 2.—A hairdresser, aged 45 years, was found in August, 1931, to have mod- 
erately advanced tuberculosis of the left lung. Therapeutic pneumothorax was 
initiated in March, 1932. A serofibrinous effusion appeared soon afterward and 
except for a brief interval has been present since 1932. The fluid has returned 
as often as aspirated. Attempts at re-expansion have resulted only in the accumu- 
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Fig. 1.—Case 1. An unexpandable lung on the left; the mediastinum is displaced 
to the left. Note the dense shadow of the collapsed lung. 


Fig. 2.—Case 2. An unexpandable lung on left with thickened visceral pleura. Note 
the fluid level at the eighth rib posteriorly. 
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lation of more fluid, and re-expansion has not occurred, Fluoroscopie examination 
shows the collapsed lung to be adherent posteriorly to the chest wall and inexpansile 
on respiration. A small pleural pocket (Fig. 2) remains. 


Comment.—In this case there is a hydropneumothorax of eight years’ 
duration. There is definite thickening of the visceral pleura, and this 
appears to be the chief cause of failure of the lung to re-expand. In 
addition, the collapsed lung is adherent to the posterior chest wall. 


Fig. 3.—Case 38. An unexpandable lung with pachypleuritis. Note that the collapse 
does not include the apex of the lung which shows cavitation. The picture was taken 
before thoracentesis. <A fluid level is seen. 


Case 3.—A white male, aged 30 years, has been known since 1935 to have ad- 
vanced pulmonary tuberculosis. A roentgenogram of the chest at the time showed 
a dense tuberculous infiltration from apex to base in the left lung. There were 
many cavities present. Therapeutic pneumothorax was started in September, 1936. 
Since 1938 a moderate amount of fluid has been present in the left pleural space. 
Roentgenograms of the chest (Fig 3) show the left lung to be collapsed below the 
second rib anteriorly. The visceral pleura is thickened considerably. During 1940 
repeated attempts were made to re-expand the lung but without success. The pleural 
fluid is straw colored and slightly cloudy. Various tests for bronchopleural fistula 
have been negative. Fluoroscopy reveals a fixed immovable lung and mediastinum 
and a thickened visceral pleura. Bronchoseopy was negative. 


Comment.—Two factors seem to participate in preventing re-expan- 
sion in this case. The extensive tuberculous involvement throughout 
the lung before collapse suggests the presence of considerable post- 
tubereulous pulmonary fibrosis. The long-standing effusion plus roent- 
genographie evidence of thickened pleura directs attention to pachy- 


ge 
ay 
a 


428 THE JOURNAL OF THORACIC SURGERY 


pleuritis as preventing re-expansion. Finally, it is not only the unex- 
pandable lung but also the immovable mediastinum which prevents 
obliteration of the pleural space. 


Case 4.—A white female, aged 36 years, was diagnosed in 1930 as having ad- 
vanced pulmonary tuberculosis of the right lung. Therapeutic pneumothorax was 
started in September, 1931. Fluid has been present in the pleural space for many 
years. Re-expansion was attempted, but, instead of re-expansion of the lung, fre- 
quent pleural crises (pain, malaise, fever) occurred and fluid accumulated in large 
amounts. In spite of frequent thoracenteses the fluid rapidly and constantly re- 
appeared. The patient finally elected to abandon the pneumothorax, and there is 
now a complete hydrothorax with a permanently collapsed lung (Fig. 4). 


Fig. 4.—Case 4. An unexpandable lung on the right with complete hydrothorax. 
Persistently recurring effusion with pleural crises (collapsus imperatifs) caused the 
patient to elect abandoning the pneumothorax. 


Comment.—Both massive intrapulmonary fibrosis and pachypleuritis 
are factors in preventing re-expansion. The striking feature, however, 
has been the persistently returning effusion associated with pleural 
crises, thus corresponding to the collapsus imperatifs of Veran.* 


Case 5.—A white female, aged 19 years, was found in January, 1936, to have 
advanced pulmonary tuberculosis of the left lung. Therapeutic pneumothorax was 
started in February, 1936. An effusion appeared soon after and since then has 
been present. It is cloudy and serous in character and on smear shows many 
lymphocytes. Refills are given once a month in 50 ¢.c. amounts, Typical intra- 
pleural pressures are -8 —4, 50 cc., 0 + 3. Fluoroscopic examination shows the 
left lung and mediastinum to be fixed and immobile. A roentgenogram of the 
chest (Fig. 5) shows considerable thickening of the visceral pleura. Re-expansion 
has been unsuccessful. 
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Comment.—This case demonstrates how leathery thickening of the 
pleura associated with a long-standing effusion interferes with re- 
expansion of a therapeutically collapsed lung. The unexpandable lung 
and the rigid mediastinum aid in maintaining the ‘‘dead pleural space.”’ 


Fig. 5.—Case 5. An unexpandable lung, showing maximum re-expansion, is seen 
on the left. Note the thickening of the visceral pleura. A small amount of fluid 
is present. 


» 


CASE 6.—A white female, aged 23 years, has been known since April, 1932, 
to have advanced pulmonary tuberculosis of the left lung. Therapeutic pneumo- 
thorax was started in 1934. In October, 1939, it was decided to re-expand the lung. 
Refills were not given for approximately eight months, and no appreciable evidence 
of re-expansion occurred. Fluid appeared in the pleural space, and this was at 
first serous in character. Soon afterward, however, the fluid became frankly puru- 
lent. Only tubercle bacilli have been recovered from the fluid. Fluoroscopie ex- 
amination shows the fixed collapsed lung and immobile mediastinum. This is 
verified by roentgenography (Fig. 6) of the chest. There is no evidence of broncho- 
pleural fistula. Bronchoscopy was negative. 


Comment.—This case differs somewhat from the previous eases. 
Failure in re-expansion appeared to be due to extensive parenchymal 
fibrosis. Attempts at re-expansion resulted in a tuberculous empyema 
suggesting that such attempts probably should have been stopped sooner 
and a thoracoplasty done to obliterate the ‘‘dead pleural space.”’ 


CAsE 7.—A male, aged 19 years, was found in September, 1936, to have advanced 
tuberculosis of both lungs. Therapeutic pneumothorax was initiated on the right 
in February, 1937. Immediately thereafter fluid appeared in the pleural space and 
since then has been present. In 1939 the fluid was found to be purulent. Repeated 
thoracenteses and irrigations were successful in clearing the empyema. Re-expansion 
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Fig. 6.—Case 6. An unexpandable lung with complete collapse of the upper 
Gaede. of the lung. The fluid was found to be purulent in character. 


Fig. 7.—Case 7. A partially collapsed lung on the right showing the maximum 
degree of re-expansion six months after cessation of refills. On fluoroscopic examina- 
tion the lung was found to be adherent posteriorly and paravertebrally. 
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was attempted during 1940 because the lung on fluoroscopy appeared unexpandable 
and fixed. Refills were abandoned for approximately six months. Total re-expansion 
was about 50 per cent. The pleura appears to be thickened (Fig. 7.). Oblique films 
of the chest show apical and diaphragmatic adhesions to the collapsed lung. The 
collapsed lung viewed fluoroscopically seems to be adherent posteriorly in the verte- 
bral gutter, and the mediastinum is unyielding. Bronchoscopy was negative. 


Comment.—Here a multiplicity of factors aggregate to prevent com- 
plete re-expansion. Probably pachypleuritis and adherence of the 
collapsed lung to the parietal pleura of the posterior chest wall and to 
the diaphragm are the principal etiological factors. Restrieted dis- 
placement of the mediastinum participates in preventing obliteration 
of the pleural space. 


DISCUSSION 


It can readily be seen (Table I) that in almost every case of un- 
expandable lung several etiological factors are simultaneously concerned. 
While visceral pleural thickening associated with pleuritis and long- 
standing effusions appears as the major etiological factor, it is usually 
accompanied by intrapulmonary fibrosis, the latter due to the healing 
by fibrosis of the tuberculous lung under collapse and also probably 
secondary to pleurogenic fibrosis. Lindblom’? emphasized the impor- 
tance of pleurogenie fibrosis, i.e., fibrosis first involving the pleura that 
continues along interlobar and interlobular pulmonary septa finally 
terminating in parenchymal interstitial scarring. In this connection 
it may be important to mention that collapse of normal lung, barring 
complications, does not produce any fibrotic or other serious changes 
whieh could interfere with the functional integrity of the lung.’ 

Thirteen cases of the present series had hydropneumothorax of long 
duration. Two patients were treated by oleothorax. In eleven instances 
pyopneumothorax was present, but in five of these it was associated 
with bronchopleural fistula. Thus, twenty cases of the series showed 
visceral pleural thickening associated with effusion of long standing, 
indicating that this is the chief cause of unexpandable lungs. Sixteen 
cases probably have appreciable parenchymal fibrosis, suggesting that 
the latter is of second importance as an etiological factor. 

Three of the bronchopleural fistulas followed internal pneumonolysis. 
One such fistula followed oleothorax which was being used to treat 
empyema. The other followed a severe ‘‘cold’’ and perforation of a 
subpleural caseous focus into the pleural pocket. One patient (Case 8) 
suffered a mixed infection empyema with fatal termination. Post- 
mortem examination showed the unexpandable lung with a pronounced 
pachypleuritis but failed to demonstrate a bronchopleural fistula that 
had been suspected clinically. 

In three instances the collapsed lung appeared to be adherent pos- 
teriorly in the vertebral gutter. Attempts at re-expansion permitted 
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the lung to re-expand anteriorly but not sufficiently to obliterate the 
pleural space. In these cases the mediastinum was fixed and immovable. 
One may well consider how often symphysis between the visceral pleura 
of the collapsed lung and the costal pleura of the posterior chest wall 
takes place, especially when a serofibrinous or seropurulent pleurisy 
oceurs. It could be assumed that the weight of the collapsed lung, the 
habit of patients to lie on the back, and the presence of a mucilaginous 
fibrinous exudate that tends to organize into sear tissue make an ideal 
substratum for the pleural symphysis described. While this is largely 
speculative, further observations in this regard might be informative. 

The part played by bronchial stenosis in producing intrapulmonary 
fibrosis has been considered separately.t Here it was stated that there 
is sufficient evidence to suggest that a distinct and significant part of 
massive parenchymal scarring may follow a nonspecific pneumonitis, 
the latter being secondary to nonocelusive tuberculous bronchial stenosis. 


Ten patients of the series were bronchoscoped, but definite bronchial 
stenosis was found in only three. Two of these had pronounced stenosis 
of a main bronchus, and the third patient had stenosis of a bronchus 
of the second order. <A fourth patient (Case 14) had a striking clinical 
picture of bronchial stenosis but at autopsy was found to have no 
evidence of stenosis of the larger bronchi. However, the collapsed lung 
was small, shrunken to about one-third of normal size, and showed 
massive parenchymal fibrosis. In addition, many of the bronchioli 
showed both inflammatory and fibrotic alterations. In certain respects 
this ease resembles one described by Eloesser® as diffuse bronchiolitis 
obliterans. 

Five patients had a condition analogous to Veran’s collapsus 
imperatifs.1_ In these cases pleural effusions returned as often as 
aspirated, associated with periodic pleural crises (fever, malaise, pain) 
making maintenance of the collapse imperative. Two patients developed 
tuberculous empyema when refills were stopped. The average duration 
of pneumothorax in the series is five years, the extremes being two and 
nine years. 

It can be stated that the unexpandable lung differs only in degree 
from the so-called fully re-expanded lung. In other words, complete re- 
expansion occurs, probably, only in a minority of all lungs that have 
had an adequate period of collapse by therapeutic pneumothorax, 
but the pleural pocket is obliterated by the various mechanisms of 
compensation in the chest, e.g., shifting of the mediastinum, elevation 
of the diaphragm, ete. It is quite probable, therefore, that the failure 
of the pneumothorax space to be obliterated is in a good many of these 
cases caused not only by the pleural, parenchymal, and bronchial 
factors but also by the unyielding surrounding structures of the pneu- 
mothorax pocket preventing these compensatory processes from taking 
place. 
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Hence, in one sense, the problem of the unexpandable lung may be 
looked upon as the problem of the ‘‘dead pleural space,’’ and several 
of the cases of the present series clearly reveal the dangers connected 
with it, chiefly empyema, tuberculous or mixed infection, and broncho- 
pleural fistula. In this connection Churehill® warned about the danger 
of employing a temporary method of collapse therapy such as pneu- 
mothorax when the underlying pulmonary process requires a permanent 
type of collapse therapy, such as thoracoplasty. He urged the early 
abandoning of unsuccessful pneumothorax and its replacement by 
permanent collapse. One cannot help but feel that more strict adher- 
ence to these principles might reduce the incidence of unexpandable 


lungs. 


SUMMARY 


A series of twenty-seven patients with unexpandable lungs presented 
here once more e¢alls attention to a problem in collapse therapy which 
needs further consideration. It is true that these cases are the residuum 
of a large number of patients under pneumothorax treatment, but 
nevertheless they represent a significant group of patients.; Excluding 
the several cases with bronchopleural fistula, the important factors in 
preventing re-expansion seem to be visceral pleural thickening (pachy- 
pleuritis) and extensive posttubereculous parenchymal fibrosis. The 
importance of fixed rigid mediastinal structures in preventing oblitera- 
tion of the pneumothorax pocket is cited. The study further directs 
attention to the hazards of the ‘‘dead pleural space,’’ that of empyema, 
tuberculous or mixed infection, and of bronchopleural fistula. 


The writer wishes to express appreciation to Dr. Max Pinner for advice and 
friendly criticism. 
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EXPERIMENTAL OBSERVATIONS UPON CERTAIN INTRA- 
CRANIAL COMPLICATIONS OF PARTICULAR 
INTEREST TO THE THORACIC 
SURGEON 


Epwarp M. Kent, M.D., AND Brian Buapes, M.D. 
Str. Louis, Mo. 


ESPITE the rapid advances in thoracic surgery there remain two 

serious hazards of intrathoracic operations, namely, (1) postop- 
erative infection and (2) embolic phenomena. The most serious conse- 
quence of postoperative infection is the formation of metastatic brain 
abscesses, which are of embolic origin. This complication is, in our ex- 
perience, an important factor in the mortality of putrid postoperative 
suppuration. 

In general, emboli may be of several kinds, namely, bubbles of air; 
fragments of tissue (cancer cells) ; tiny bits broken off from thrombi, 
either sterile or infected; and perhaps pathogenic microorganisms which 
have gained access to the blood stream. Abscess formation will depend 
on whether the embolus is sterile or the bearer of virulent bacteria. It 
appears that the mechanism of formation of subcortical brain abscess is 
fundamentally similar to embolus of the brain of any type. Infection 
may reach the brain in one of four ways: (1) by direct implantation 
from a penetrating wound (through the dura); (2) by contiguous ex- 
tension from an adjacent source of infection; (3) by metastatic exten- 
sion from a nonadjacent source of infection; and (4) by undetermined 
pathways from unknown sources of infection. Chronie infection of the 
middle ear and mastoid and suppuration in the paranasal sinuses are 
the chief causes of brain abscess, and these are brought about by econ- 
tiguous extension of infection. The next most important lesion ante- 
cedent to the formation of a brain abscess is intrathoracic suppuration, 
and these are of metastatic hematogenous origin. 


The role of intrathoracic infection as a cause of brain abscess has long 
been recognized. The literature includes many reviews of this prob- 
lem’? 6 1619 and the important observations may be summarized 
as follows: This complication may follow intrathoracic suppuration 
whether it be intrapulmonary (chiefly bronchiectasis and pulmonary 
abscess) or extrapulmonary (empyema thoracis). The relative inei- 
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dence of brain abscess as a complication of empyema is considerably 
lower than in bronchiectasis and pulmonary abscess; furthermore, an 
unknown proportion of cases of empyema are associated with intrapul- 
monary infection. Practically all cases of empyema which result in 
brain abscess must fall into this latter group. The metastatic lesion in 
the brain is multiple in a large percentage of these complications, and 
the magnitude of the problem is thereby increased and the therapeutic 
outeome unfavorably affected. The cerebrum is usually the site of these 
abscesses, the cerebellum but rarely so. 

The explanation of the leading role played by intrathoracie suppura- 
tion in the formation of hematogenous brain abscess has been based upon 
anatomical considerations, namely, that infection within the lung may 
gain uninterrupted access to the arterial circulation by way of the pul- 
monary venous system while a focus of infection elsewhere in the body 
must usually metastasize to the arterial tree by way of the venous return 
and the filterlike pattern of the pulmonary vascular bed. This analysis 
has not indicated, however, any reason why the brain should be so pre- 
dominantly affected. Nevertheless, it is true that metastatic abscesses 
consequent upon intrathoracic suppuration are rarely found in organs 
other than the brain and that it is still more unusual to encounter 
multiple systemic abscesses. MeCordock' believed that the only essential 
respect in which embolism associated with chronie pulmonary disease 
differs from those found in eases of general pyemia is in the type of 
microorganism concerned in each group. He believed that the brain was 
the site of metastatic abscess formation as a complication of pulmonary 
suppuration because the brain tissue offered a more favorable culture 
medium for the spirochetal and fusiform groups of organisms commonly 
found under these circumstances. Illustraticns of some of MeCordock’s 
findings may be found in the literature’ although his original contribu- 
tion was never published and is not now available. Further study along 
these lines seems to be well worth while. 

Experimental studies of the problem have been guided along two lines 
of endeavor: (1) An effort has been made to find factors which may 
contribute to the predominant position of cerebral metastatie abscess as 
a complication of pulmonary disease and (2) an effort has been made 
to produce experimental brain abscess by the use of putrid purulent 
material of mixed flora secured from patients suffering postoperative 
pleuropulmonary infection. 


In pursuit of the first objective a suspension of carbon particles was injected 
into one of the pulmonary veins of twelve dogs and an equal number of rabbits. An 
arbitrary limit of 20 ¢.c. was selected for the canines and 2 ¢.c. for the rabbits. The 
majority of the animals were sacrificed twenty minutes after the injection had been 
completed and blocks of tissue were taken from the kidneys, the spleen, the liver, 
the myocardium, the lung, the cerebrum, and the cerebellum for microseopie study. 


ae 


436 THE JOURNAL OF THORACIC SURGERY 


The tissue blocks were fixed in formalin and embedded in paraffin, Multiple see- 
tions were made of each specimen of tissue. 


Study of these sections revealed that accumulations of carbon particles could be 
demonstrated in the capillaries of all the organs studied. The only observation 
made which was considered of possible consequence was that the capillaries within 
the brain as mapped out by these masses of carbon particles appeared to be of 
definitely smaller diameter than those similarly delineated in the other organs. ~ The 
average diameter of the capillaries so demonstrated in the brain was found to be 
approximately 10 micra, whereas it was rare to find capillary diameters of less than 
15 miera in the other organs studied. More significant, perhaps, was the observation 
that the great majority of capillaries of the brain which were demonstrated by this 
technique seemed to be of this uniformly small diameter, whereas in other organs 
the outlined capillaries rarely approached this lower limit. 

Certain of this group of animals were allowed to survive for periods ranging from 
two to four weeks, and after this lapse of time they were autopsied and studied in 
a similar fashion. In these animals carbon had been so widely disseminated that the 
capillary pattern was no longer delineated. 

In four additional dogs injection of 20 ¢.c. of the carbon suspension was made 
into the left pulmonary artery, and the studies outlined above were again pursued. 
Under these cireumstances a large part of the carbon was found trapped in the 
capillaries of the pulmonary vascular bed; nevertheless, a very appreciable propor- 
tion of the injected medium had successfully negotiated the pulmonary circulation 
and had gained access to the general arterial system. The observations made upon 
this small group of animals corresponded to those enumerated above. 

Another group of four dogs received similar injections into the left pulmonary 
artery after this vessel had been ligated at its point of origin and after the left 
pulmonary veins had been secured by ligation, Under these cireumstances the carbon 
particles were trapped in their entirety in the pulmonary vascular bed and none had 
gained access to the general systemic blood stream. 

Formalin fixation of tissues preliminary to microscopic study results in a varying 
degree of contraction, this depending upon the amount of collagenous material 
present in the tissue so treated. Since this was a possible source of error in in- 
terpretation of results, it was felt the studies might well be made upon tissues not 
subjected to the contracting action of formalin solution (i.e., frozen sections). It 
was also considered worth while to select a different agent for the formation of 
artificial emboli to map out the capillary bed, and for this purpose 40 per cent 
iodized poppy seed oil was chosen. In two dogs 20 ¢.c. of the iodized oil were in- 
jected into the left pulmonary artery, and in two other dogs a similar amount was 
injected into one of the left pulmonary veins. Frozen sections were made of the organs 
and these were stained with Sudan III in order that the iodized oil might be de- 
lineated. Microscopic studies of the tissues from the various organs of these dogs’ 
revealed findings similar to those already demonstrated by the injection of particu- 
late carbon material, It is interesting to note that in these dogs large quantities 
of the iodized oil may be seen lying free within the alveoli of the lung so that the 
intimate relation and almost negligible barrier between the alveoli and the capillaries 
of the pulmonary bed are demonstrable. 

The line of pursuit of the second objective has already been indicated, namely, an 
effort to produce brain abscess in the dog by the use of purulent material secured 
from clinical cases of putrid intrathoracic infection. Each specimen was subjected 
to careful anaerobic and aerobic bacteriologic studies instituted at the time that 
the suppurative material was employed. The pus was kept warm and was used im- 
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Fig. 1.—Photomicrographs of spleen abscess (A) and brain abscess (B) (X95). 
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mediately so that a minimum of its virulence might be lost by a delay in its use 
or by subjecting it to unfavorably low temperatures. Seven groups of four dogs 
each were employed in this study, and the injection of the pus was made into a pul- 
monary artery, a pulmonary vein, a jugular vein, and a carotid artery in each group 
of dogs. An arbitrary limit of 2 ¢.c. of pus for each injection was selected. The puru- 
lent material employed in each group of dogs was secured from a different patient. A 
brain abscess was produced in only one dog (Fig. 1) and in this instance it was situ- 
ated in the left pontine area and was multilocular, being composed of four separate 
abscess cavities closely grouped and varying in diameter from 5 mm, to 1 em. In this 
dog a solitary abscess of the spleen 1 em. in diameter was also present. No bacterio- 
logie studies of the contents of these experimental abscesses were made. It is strange, 
indeed, that the other three dogs injected with similar amounts of the same pus at 
the same time but into the carotid artery, jugular vein, and pulmonary vein showed 
no abscesses at any point of the body. In the remaining six groups of dogs so 
treated not one metastatic brain abscess was produced. However, in one group of 
these dogs multiple pulmonary abscesses of four of the seven lobes were produced 
by the injection of the pus into the jugular vein, but again the other dogs treated 
with the same pus failed to produce focal infection. It may be interesting to note 
that at the outset, in spite of the absence of gross contamination, a fatal empyema 
was produced in every dog which received an intrathoracic implantation of the in- 
fectious material. In addition, the dogs which received the pus into the carotid 
arteries regularly showed wound infection. It was decided to make an effort to 
prevent these complications in the remainder of the experimental animals. Since we 
were dealing with mixed infections in each instance, a shotgun formula comprised 
of the sulfonamide group of drugs was employed. In each of the dogs so treated 
1 Gm. portions of sulfanilamide, sulfapyridine, sulfathiazole, and sulfanilylguanidine 
was introduced into either the thoracic cavity or the neck wound as the case may be. 
Not one dog so treated gave any manifestations of wound infection, and not one dog 
developed an empyema thoracis. All of these dogs recovered completely and were 
sacrificed at the end of four weeks for autopsy study, which in each instance failed 
to reveal evidence of abscess formation. These observations indicate that it may 
be that combined chemotherapy will be found more efficacious in the prevention of 
mixed infections within the thorax than has been *he experience in the use of a 
single drug of this group. More extensive, better controlled experiments are neces- 
sary to substantiate this possibility, and these are now being carried out. 


COMMENT 


The studies outlined above have indicated that the capillary bed in 
the brain of dogs and rabbits is composed, in the main, of channels of 
smaller diameter than those seen in the other organs studied. These 
findings are admittedly not particularly convincing. The technique em- 
ployed for the demonstration of capillary diameters may be open to 
criticism. Therefore, even though these observations need confirmation, 
the implication is present that the smaller diameter of the capillaries 
within the brain may contribute to the production of metastatic brain 
abscess by virtue of finer filtering action. Clinical observations indicate 
that the infected emboli which set up a metastatic brain abscess are of 
extremely small size. If this were not so, one could expect a prodromal 
picture preceding clinical evidence of established brain abscess which 
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indicated a localized vascular lesion by virtue of the obstruction of a 
fairly large cerebral vessel. 

The difficulty encountered in the production of experimental meta- 
statie brain abscess in laboratory animals has made it impossible to con- 
firm the clinical observations of MeCordock, and this has been the ex- 
perience of others attempting similar lines of endeavor. In the two dogs 
in which experimental metastatic abscesses were produced there is an un- 
explainable incongruity in that other dogs similarly and simultaneously 
treated failed to produce foeal infection. Much remains to be known 
concerning susceptibility to infection, even in laboratory animals. Com- 
bined chemotherapy promises to afford some degree of protection against 
mixed intrapleural infection. However, further studies are necessary 
and are being pursued. 

Vascular channels surrounding areas of suppuration are commonly 
extensively thrombosed, and some of these thrombi undoubtedly harbor 
pathogenic microorganisms. If manipulation of a lobe which is the seat 
of suppuration may result in fragmentation and liberation of some of 
these thrombi, it is conceivable that metastatic brain abscess may be 
produced. To accomplish this the infected embolus must gain access to 
the general arterial circulation by way of the pulmonary veins. The 
only reasonably effective prophylactic measure is ligation of the pul- 
monary vein, and it is reeommended that such a procedure be a primary 


consideration in lobectomy or pneumonectomy by the individual ligation 
technique. It may even be employed if clamp resection or tourniquet 
amputation is applied. 


AIR EMBOLISM 


Numerous instances of unfortunate accidents occurring during intra- 
thoracic surgery, the performance of artificial pneumothorax, thoracen- 
tesis, and other allied procedures have been attributed to air emboli."® 
Very often the clinical observations have indicated that the cerebral 
functions have been adversely affected in these accidents. There have 
oceurred some sequelae as hemiplegia, paraplegia, blindness, and dis- 
turbaneces of mental acuity. In some instances these changes have been 
only temporary, while in others permanent alterations have resulted. 
Certain of these instances have terminated fatally, and there has been 
a tendency to attribute sudden, unexplained death during intrathoracie 
surgical procedures to the occurrence of air embolism. 

Many experimental studies of this problem have been made,* * * 1° 
11,17,21 and it has been found that air emboli are relatively innocuous 
when they are introduced into a peripheral vein such as the jugular or 
the saphenous, unless a patent foramen ovale is present. Air injected in 
this fashion is ultimately blocked in the capillary bed of the lungs, and 
there is no progress of the emboli into the pulmonary veins and thus into 
the left side of the heart. 
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In a series of experiments performed to confirm these observations, twelve dogs, 
ranging from 6.7 to 18.1 kg. in weight, received rapid injections of varying 
amounts of air into a femoral vein. Within twenty seconds after such an in- 
jection the dog would voluntarily lie on the floor and would soon become dyspneic; 
oceasionally incontinence would occur. However, unless a dose of at least 8.9 
e.c. per kilogram was administered, the dogs always recovered. When the dose 
reached 8.9 ¢.c. per kilogram, 50 per cent of the dogs injected with this dosage 
died within one minute after the injection was made. 

An effort was made to determine whether or not air injected into a femoral 
vein could be proved to be arrested in the pulmonary vascular bed. In four dogs 
the following experiment was performed. Under nembutal anesthesia, and with 
an intratracheal catheter and a positive breathing apparatus in use, the left 
chest was opened through the sixth interspace and the ribs were spread. At the 
same time the calvarium was removed from the skull, and the meninges were in- 
cised and reflected back to expose the surface of the brain. When these prepara- 
tions had been made, the pericardium was opened widely to expose the coronary 
vessels as they coursed over the surface of the heart. With a magnifying glass 
to inspect both the coronary arteries and the surface vessels of the brain, careful 
observations were made to determine whether any visible bubbles of air entered 
these vessels. Air was injected into a femoral vein at the rate of 20 ¢.c. per min- 
ute. These injections were repeated at intervals of five minutes until a total of 
100 e.c. had been employed in each animal. Immediately following each injection 
of air there was a loud slapping sound—the ‘‘mill-wheel’’ murmur. This persisted 
for about thirty seconds, and, after the air had been evacuated from the right 
side of the heart, the murmur disappeared. At no time during the injections 
could a visible bubble of ‘air be seen in the coronary vessels or in the surface 
vessels of the brain. It was concluded, therefore, that the pulmonary capillary 
bed effectively blocked transmission of air of visible proportions. Microscopic 
sections made from portions of lung tissue obtained from these dogs revealed 
that the capillaries appeared to have burst in many areas, and there were red 
blood cells free in the alveoli of the lung. Years ago Delore* advocated puncture 
of the right auricle and aspiration of the air when clinical instances of such an 
air embolus has been encountered. This, of course, would be effective only when 
air has gained admission to the major circulation but not when it has directly 
entered the pulmonary veins. Unless the dose has been very large a fatal result 
could not be expected under these circumstances, and it certainly seems doubtful 
whether the procedure advocated by Delore is justifiable. 


The admission of air into the pulmonary vein has, however, been fol- 
lowed by an entirely different series of observations. There is no capil- 
lary barrier to prevent the air from reaching the left side of the heart, 
and, as a result, the air proceeds into the arterial circulation to gain 
access to vital areas of the body. 

As a result of experimental observations on large numbers of dogs, 
VanAllen and his associates”® believed that air embolism through the 
pulmonary vein could effect a fatal termination by means of impairment 
of three vital functions; i.e., cardiac activity by the obstruction of the 
coronary arteries, cerebral and medullary function by blockage of the 
arteries of the brain, and blood circulation by blockage of the pulmonary 
arteries. Either the first or second may be the primary cause of death 
in the opinion of these authors. VanAllen and his associates believed 
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that coronary obstruction was the sole cause of death when the animal 
was in the head-down position and that the mechanism was heart block. 
Impaired cerebral and medullary function was believed to be the cause 
of death when the animal was placed in the head-up position, and they 
observed that respiratory paralysis was present in the early stages or 
decerebration at a later period. They felt that in the horizontal position 
all three causes of death contribute to a fatal result and that the first or 
second might be primary, depending upon the chance distribution of 
the air embolus. These observers found that the maximum tolerance 
dose for air into the pulmonary vein of a dog was as follows: 0.5 e.e. 
per kilogram of body weight with the head up, 1.5 ¢.c. per kilogram of 
body weight in the horizontal position, 3.3 ¢.c. per kilogram of body 
weight with the head down. VanAllen stressed the principle of air 
buoyancy and felt that the air tended to pass to the uppermost vessels. 
These workers found that, with the animal in the dorsal recumbent 
position, the arch of the aorta is high and serves as a trap as a result 
of which much of the air passes out through the great arch branches into 
the head, neck, and upper extremities. They felt that, with the head 
down, little of the air passed to the fore part of the body but that the 
coronary vessels were heavily involved. 

As long ago as 1921 Gunderman’® observed air bubbles immediately 
entering the coronary arteries and riding there without a tendency to 
pass on through the eapillary bed. This observation was made after 
air had been injected into a pulmonary vein, and he concluded that air 
cannot pass any capillary bed. Schlaepfer,’* in an extensive article 
covering clinical and experimental observations made upon air emboli, 
advocated positioning of the patient so that the head is not the highest 
point of the body during operations which offer a risk of air embolus. 

More recently Moore and Braselton'* demonstrated conclusively 
that in eats the cause of death following air embolus by way of the pul- 
monary vein was obstruction of the coronary arteries. Their observa- 
tions indicated that 0.5 ¢.c. per pound of body weight caused a typical 
coronary death in the cat upon every experimental attempt. Smaller 
doses were followed by complete recovery. These observers found that 
coronary occlusion occurred regardless of the position in which the an- 
imal was placed. Under these experimental circumstances the heart was 
found to behave exactly as it does when the coronary arteries are ligated 
simultaneously. Within a matter of two to four minutes after obvious 
coronary obstruction by air embolus the heart of these experimental 
animals began to dilate and ventricular fibrillation occurred, death en- 
suing in a variable period of time. 


Our own observations reveal findings similar to those observed by the authors 
quoted immediately above. In a group of twenty-eight dogs varying in weight 
from 6.3 kg. to 18.6 kg. it was found that 1 ¢.c. of air injected into either pul- 
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monary vein was universally fatal and that the mechanism was coronary ob- 
struction. The coronary arteries became filled with air bubbles which did not 
progress. After a variable interval of time the heart began to have weaker 
contractions, a more rapid rate and the ventricles dilated slightly. Shortly 
thereafter ventricular fibrillation always occurred. Within a variable period of 
time the heart became markedly dilated, and the animal died. As has been 
observed before, immediately preceding death several involuntary deep respira- 
tory movements were made by the animals. Another group of fourteen dogs was 
given doses of smaller sizer than 1 e¢.c. and it was found that the dogs always 
tolerated 0.25 ¢.c. of air by way of any of the pulmonary veins ‘but that, when 
the dose was increased to 0.5 ¢.¢., 50 per cent of the dogs died in the fashion de- 
seribed above, the remainder recovering without sequelae. 


In an effort to determine whether change of position of an experimental animal 
would favorably influence this fatal coronary obstruction, dogs were placed in 
the vertical position, both with the head down and with the head up. It was 
found that a total dose ranging from 8 to 14 ¢.c. could be injected into the pul- 
monary vein before air bubbles appeared in the coronary vessels if the dog was 
in the vertical position with the head down. The explanation seemed to be that 
the air, because of its buoyancy, had become trapped in either the auricle or the 
ventricle or both until such a quantity had been administered that the ventricular 
contraction would force at least a portion of the air into the aorta. This explana- 
tion was confirmed to our satisfaction by the following additional experiments 
made on six dogs. With these dogs in the head-down vertical position, doses 
ranging from 2 to 5 c.e. of air were introduced into one of the pulmonary veins 
and the coronary arteries were carefully observed. In no instance could air be 
observed in the lumen of the vessels under these circumstances; however, when 
each of these dogs was changed to a horizontal position, air could be seen entering 
the coronary arteries when the level of the table had reached approximately 25 
degrees from the horizontal and a fatal result occurred in the usual manner. 

An effort was also made to determine whether the vertical head-down position 
would protect the cerebral vessels from air emboli. In a series of four dogs the 
calvarium was removed and the meninges dissected from the surface of the brain 
so that the vessels could be observed through a magnifying glass. The chest was 
opened in the sixth interspace, and the dog was placed in the vertical position with 
the head dependent. As noted above, it was necessary to give a variable quantity 
of air before bubbles could be seen in the coronary arteries; however, as soon as 
bubbles were seen in the coronary arteries they were also seen in the surface ves- 
sels of the brain, indicating that the vertical, head-dependent position offered 
no guarantee that air emboli would not reach the cerebellum and cerebrum. 


It was deemed advisable to make an effort to ascertain whether air emboli in 
the cerebral circulation could be shown experimentally to produce unfavorable 
results. A group of twelve dogs of approximately the same weights was chosen, 
the weight ranging from 6.7 to 7.3 kg. Direct injection of air was made into the 
right or left carotid artery of these dogs. The dose started at 2 ¢.c. and was 
graduated to 4, 6, 8, 10, 12, 14, 16, 18, and 20 ec. of air. Two additional dogs 
were given 10 ¢.c. of air simultaneously into each carotid artery. After the in- 
jections were made, the wounds in the neck were closed and the dogs were re- 
turned to their cages to recover from the nembutal anesthesia. Each of the dogs 
so treated recovered without any observable sequelae and remained perfectly 
normal for periods ranging from three to six weeks. After an interval of time 
had elapsed, each of the dogs was sacrificed and microscopic studies were made 
of the brain, heart muscle, lung tissue, liver, kidneys, and spleen. In addition 
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to absence of clinical manifestations of brain damage there was no microscopic 
evidence of injury to the cerebellum or cerebrum. Serial sections were not made 
of these brains; however, multiple blocks of tissue were secured and studied. 

An additional series of experiments was performed to further substantiate the 
observations that air injected into the carotid arteries of dogs had no deleteriotis 
effect. In a group of eight animals, ranging in weight from 5.4 kg. to 9.1 kg., in- 
jections of air were made directly into the aorta just above the level at which 
the coronary arteries arose. The amounts ranged from 2 ¢.c. to 10 ¢.c. per kilo- 
gram of body weight, and the injection rate was gauged so that complete introduc- 
tion of the dosage of air was made within one minute. These injections were made 
so close to the aortic ring that the pericardial reflection upon the base of the 
aorta was traversed by the needle. When the needles were withdrawn, blood 
leaked back through the puneture wound in the wall of the aorta, and in each 
instance it was necessary to open the pericardium to prevent cardiac tamponade. 
However, when this had been done, the leakage through the wall of the aorta 
ceased and the dogs all proceeded to an uneventful recovery. These dogs were 
sacrificed after the lapse of an interval varying from fourteen to twenty-one days, 
and microscopic studies of the vital organs revealed no evidence of an untoward 
change. 


COMMENT 


These experiments confirm the observations of others that air embolus 
which gains direct access into a pulmonary vein causes death in the 
laboratory animal by means of coronary obstruction. It is further dem- 
onstrated that a very small dose of air (1 ¢..) was uniformly fatal 
in the dog. Additional observations imply that it is fallacious to rely 
upon a head-down position to protect the brain from air embolus. Our 
findings indicate that, if the air reaches the left ventricle and passes into 
the aorta, there is nothing that can be done in the way of change of 
position of the patient to ward off access of air into the arteries of the 
brain. Obstruction of the coronary arteries by an air embolus results 
in death by ventricular fibrillation and dilatation of the heart. Re- 
peated attempts were made to defibrillate the heart by the injection of 
4 e.c. of 5 per cent procaine solution’? directly into the right auricle plus 
the topical application of the same solution to the entire surface of the 
epicardium, and in no instance was a favorable result achieved. We 
have not attempted to defibrillate these hearts by the use of a rapidly 
alternating current of 1.5 amperes. Since coronary obstruction by air 
persists for the matter of many minutes, there is no reason to believe that 
such a procedure would permanently defibrillate the heart under these 
cireumstanees. Such measures for resuscitation as cardiac massage, 
intracardial adrenalin, and intravenous eaffeine sodium benzoate failed 
to avert a fatal outcome. 

Efforts have been made to demonstrate that air emboli to the brain 
of the dog are followed by untoward results. However, all experiments 
designed along this line revealed that the opposite was true. There 
have been numerous observations in the literature of a clinical nature 
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which indicated that air embolus had occurred during intrathoracic 
surgery, with the induction of artificial pneumothorax, and even during 
thoracentesis. In many of these instances the cerebral manifestations 
have been emphasized and reports have been-given of transient or per- 
manent hemiplegia or paraplegia which have been attributed to air 
emboli in cerebral vessels. In dogs it has been impossible to produce 
confirmatory experimental results. 


CONCLUSIONS 


1. The experimental production of hematogenous brain abscess is 
difficult in the dog. 

2. Metastatic abscess attendant upon intrathoracic suppuration oc- 
curs almost exclusively in the brain, rarely in other organs. The ex- 
planation of this observation is not entirely clear although the work of 
MecCordock is significant. An additional possible explanation is indi- 
eated in this communication, but it is admitted that confirmation by 
improved techniques is required. : 

3. Air injected into the peripheral venous channels does not pass 
through the capillary beds of the lungs in emboli of sufficient size to be 
seen and probably does not do so at all. Massive quantities of air are 
required to cause death when introduced by this route and then the 
mechanism is extensive obstruction of the pulmonary vascular chan- 
nels with resulting asphyxia. The heart fails first under these cireum- 
stances. 

4. Air injected into a pulmonary vein gains immediate access to the 
left side of the heart and to the arterial system. Very small amounts 
(1 e@.e.) so introduced in the dog are uniformly fatal, and death results 
solely from coronary artery obstruction. 

5. The position of the experimental animal did not prevent fatal 
coronary occlusion by air emboli. Neither did position of the dog pre- 
vent cerebral air emboli. 

6. Air injected directly into the carotid artery was not fatal and 
could not be shown to produce cerebral symptoms or microscopic evidence 
of changes in the brain. 

7. Ventricular fibrillation causes death when air emboli reach the left 
ventricle. All measures of resuscitation failed, and efforts to defibrillate 
the heart were to no avail. 

8. Emboli attending intrathoracic surgical procedures must traverse 
a pulmonary vein to produce clinical manifestations of serious import: 
When lobectomy or pneumonectomy is performed, primary ligation of 
the associated pulmonary vein or veins affords the greatest protection 
against these complications. 
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HUGE CHONDROSARCOMA ARISING FROM THE CHEST WALL 
AND EXTENDING INTO THE THORAX AND ABDOMEN 


Report OF A CASE 


KF rep R. Harper, M.D. 
DeENnvER, CoLo. 


N A previous report I reviewed the literature pertaining to benign 
chondromas of the ribs. I am reporting this case because of the tre- 
mendous size of the chondrosarcoma and also because of its application 
to certain points I made in my previous report. (1) This patient gave 
a clear-cut history of trauma, which etiological factor I had tended to 
minimize in my former paper. (2) There was undoubtedly a transition 
from a benign chondroma to a chondrosarecoma in the long interval 
during which the tumor was overlooked. This point I had stressed 
previously. (3) The technical problem of removal was of great interest 
in this case, a point which was particularly emphasized by Harrington,” 
Janes,® and others. 


CASE REPORT 


The patient was a white female, aged 60 years, who complained of dyspnea and 
pain in the right side of her chest. She gave a history of having fallen and 
broken several ribs on the right side of her chest twenty-four years previously. 
Following this injury she had persistent pain in the right side of her chest anteriorly 
for many months, but it finally disappeared. Ten years ago she again began to 
notice a pain in her chest so that she would have to lie down at times to relieve it. 
Six years ago she first noticed a lump in the region of the sternum. It had not 
been tender but had steadily increased in size. About three years ago she began 
to notice that she was more dyspneic, and at about that time she developed coughing 
spells when she would lie down or bend over. There was no sputum. Her appetite 
was good, and she had no nausea. Her only complaint referable to her gastro- 
intestinal tract was frequent eructations of gas. 

On examination the patient was found to be well developed and well nourished. 
She weighed 175 pounds and considered that to be her normal weight. Her blood 
pressure was 190/120. Her pulse was 80 per minute, temperature was 98.2° F. 
Examination of the chest revealed a tumor mass in the region of the seventh and 
eighth costochondral junctions which protruded very little above the normal contour 
of the chest wall. However, the tumor was felt to extend into the abdomen and 
occupied almost the entire upper abdomen as far down as the level of the umbilicus. 
The anterior chest wall was dull to percussion as high as the third intercostal space. 
There were no other significant abnormalities. Roentgenograms of the chest showed 
a huge, clearly circumscribed tumor which almost filled the right side of the chest. 
Films of the abdomen showed that this tumor extended into the abdomen and oc- 
cupied almost the entire upper part of the abdomen. 
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The operation was performed under intratracheal anesthesia with cyclopropane. 
The incision was started just below the sternal notch, and following the midline of 
the sternum it was continued in the rectus sheath of the abdomen to the level of the 
umbilicus. The abdominal incision was deepened so that the abdominal part of the 
tumor could be explored. It was found to occupy almost the entire upper part 
of the abdomen, having displaced the liver, stomach, and other abdominal organs 
posteriorly. A median sternotomy was then done and the right thoracic cage dis- 
placed laterally. The tumor was then delivered without great difficulty by rolling 
the whole tumor laterally and dissecting the diaphragm from the constricted middle 
portion of the tumor. The tumor was found to arise from, and have its only firm 
attachment to, the seventh and eighth costal cartilages which were removed with it. 


Fig. 1—Roentgenogram showing attachment of the tumor to the anterior thoracic 
wall. The extension of the tumor through the diaphragm into both the thorax and 
peg age is also shown. This lateral roentgenogram gives an indication of the size 
e tumor. 


After removal of the tumor the phrenic nerve was crushed, in its course along 
the pericardium, in order to facilitate the repair of the diaphragm. The diaphragm 
was repaired with interrupted silk mattress sutures and then sutured to the rectus 
sheath anteriorly. The divided sternum was brought together by kangaroo tendons 
which had been threaded through drill holes made in the two sides of the divided 
sternum. The right lung re-expanded readily when positive pressure was applied 
by the anesthetist. The remainder of the incision was closed with interrupted silk 
sutures. No drainage was used. The patient was given 500 c.c. of citrated blood 
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Fig. 2.—Snapshot taken during the operation, showing the tumor being delivered from 
the right side of the thorax and the abdomen. 


Fig. 3.—Photograph of the gross specimen after it had been cut in two. One side 
shows the contour of the external cartilaginous shell; the other side shows the 
necrotic central portion of the tumor. 
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immediately following the operation and was placed in an oxygen tent. The 
patient’s convalescence was entirely uneventful. At no time did her temperature 
rise above 101° F., and it was not found to be necessary to withdraw any fluid 
from her chest. She was discharged from the hospital on the fourteenth post- 
operative day. She has returned to her work as a stenographer and has had no evi- 
dence of recurrence at the end of nine months following the operation. A report 
of the examination of the specimen by Dr. R. M. Mulligan follows: 

‘¢Gross Description—The specimen consists of a huge tumor mass 30 em. in its 
greatest diameter. It has an hour-glass constriction approximately in its mid- 
portion with the tumor extending on either side 18 cm. in one diameter and 12 em. 
in the other. The surface is gray-white and nodular, being criss-crossed by de- 
pressed yellow-red trabeculae. The tumor has been opened in its long diameter 
revealing a central cavity containing gristly, gray-white tissue like that in the 
outer wall of the tumor and soft, yellow, friable tissue. Attached to the smaller 
(12 em.) extent of the mass are two costal cartilages measuring 6.5 x 2.5 x 1.0 em. 
These blend in with the cartilaginous tumor. Splitting of the tumor in halves by 
continuing the previous opening reveals no type of tissue grossly other than car- 
tilage. The outer surface of the point of constriction is shaggy with dark red 
and gray tissue. 


Fig. 4.—Photomicrograph of a section taken from the periphery of the tumor. 


Microscopic Examination—Numerous sections (6) from various portions of the 
wall and center of the tumor reveal a typical cartilage proliferation in large islands 
with irregular zoning by hyaline, irregular bands. Scattered through this dedif- 
ferentiated cartilaginous tissue are numerous small areas of blue degeneration. 
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DISCUSSION 


As I mentioned in the introduction, there are several points about 
this case which warrant brief discussion. In the first place, the ques- 
tion of trauma has been mentioned frequently in the literature as an 
etiological factor in the development of chondromas of the ribs. In this 
case, although the trauma occurred twenty-four years prior to the re- 
moval, the history of trauma was clear-cut and undoubtedly contributed 
to the development of the tumor. The second point which deserves men- 
tion is the fact that benign chondromas which are not removed will 
eventually undergo malignant changes. That is undoubtedly what hap- 
pened in this case. I feel certain that, had this tumor been removed 
ten or even six years previously, it would have been found to be a benign 
chondroma instead of a chondrosarcoma. While the tumor has not re- 
curred in nine months since its removal, the chances of recurrence of a 
chondrosareoma are much greater than of a benign chondroma. Finally, 
there is the technical problem of the removal of these tumors. In my 
previous report I concluded that the best approach for the removal of 
tumors of the chest wall is the one which is least mutilating and still 
compatible with thorough ablation of the tumor. I believe this case il- 
lustrates that point perfectly. Each case is an individual problem, and 
no prescribed technique will fit all of the cases. I feel certain that this 
tumor could not have been completely and successfully removed through 
any other approach than median sternotomy with extension of the in- 
cision into the abdomen. On the other hand, most of these tumors would 
require an entirely different approach. I believe it was correct to omit 
postoperative drainage of the chest in this case. 


CONCLUSIONS 

A ease of chondrosarcoma of enormous size, arising from the chest wall 
and involving the thorax and abdomen, has been presented and discussed. 
The tumor is of interest because of its size and also because of the un- 
doubted history of trauma. A further point of interest in this case is 
that the tumor probably started as a chondroma and underwent sar- 
comatous degeneration during the time it was neglected. The successful 
removal was accomplished by. median sternotomy and extension of the 
incision into the abdomen. 
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PREVENTION OF TISSUE EMPHYSEMA FOLLOWING CLOSED 
PNEUMONOLYSIS 


Homer H. Cuerry, M.D. 
PATERSON, N. J. 


ISSUE emphysema is the most common and the least serious com- 

plication of closed pneumonolysis. When the chest wall is thin and 
cough exists, loss of the pneumothorax air into the tissues may reach 
such proportions that loss of the pneumothorax may occur, and air may 
cause considerable discomfort, even in the scrotum or vulva and thighs 
and wrists. Air thus distributed is more alarming than dangerous, since 
absorption occurs. 


Fig. 1.—The two interrupted sutures are placed and ready to be tied. 


This escape of air into the tissues in properly performed pneu- 
monolysis occurs largely through the trocar wounds made for introdue- 
tion of the cautery and thoracoseope, and these, being puncture wounds, 
cannot be closed in plane by buried sutures. The technique now in 
common use consists of a single nonabsorbable, interrupted, deep, quilled 
suture, so arranged that the skin, muscle, and fascia are united. The 
parietal pleura, endothoracice fascia, and intercostal muscles, not being 
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incorporated into it, are left unreunited and heal by the normal process 
of regeneration. Intrapleural pneumothorax pressures at the expulsion 
phase of a cough easily force air through loosely united wounds. Firm 
union of the parietal pleura would completely solve the problem, and 
Welcher and Groves' have devised a procedure which approaches this 
possibility, although their method necessitates the introduction of a 
third cannula. 

A closure method (Fig. 1) designed to obliterate the trochar tract 
just external to the intercostal muscles by tension sutures has gone far 
toward preventing tissue emphysema in every case on which it has been 
used during the past year. Strapping of the chest in the usual manner 
has been used in conjunction with it. Two interrupted sutures are so 
placed that their deep segments circle the wound at the desired level 
and interlock, so that tension ean be applied to obliterate the tract. This 
closure takes place at the origin and insertion of the thoracie muscles, 
making the escape of air less frequent. To place these sutures, a medium 
weight, full curve, cutting edged 2.5 inch needle and linen are preferred. 
Dental rolls are used for quilling, and the skin margins are approx- 
imated as indicated. After the first suture is placed, the assistant grasps 
the free ends and produces sufficient tension to enable the operator to 
identify the deep segment with the needle point, while placing the second 
suture. In this way they can be locked. Sutures are removed on the 
sixth day. 
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PULMONARY ABSCESS 
VALUE OF EARLY, ONE-STAGE OPERATION 


Rosert R. SHaw, M.D. 
Daas, TEXAS 


N 1932 Neuhof! reported his experiences with putrid abscesses of the 
lung. He stated, ‘‘Putrid lung abscess is potentially a surgical lesion 
from the outset. There is no proved method of definitely influencing the 
course other than by open operation.’’ In his original paper Neuhof 
found that, of patients treated at the Mount Sinai Hospital in New 
York, nine were operated upon within six weeks of the onset. Of these, 
eight recovered and one died. In a later paper, Neuhof and Touroff? 
reported a series of eighty-six consecutive patients having acute pul- 
monary abscesses operated upon with a total mortality of 3.6 per cent. 
More important than the low operative mortality, however, is the fact 
that 88 per cent of the surviving patients were well. The results con- 
trast sharply with the results obtained by the generally accepted plan 
of management in which surgical drainage is delayed. Allen and Black- 
man‘ quoted a general mortality of 34.3 per cent from a series of 2,114 
eases collected from the literature. Freedlander® in a series of 238 cases 
reported a mortality of 40.3 per cent with 33.1 per cent classified as 
well. Geary® in a series of forty-one cases had a mortality of 24.3 per 
cent. 

Following the appearance of Neuhof’s* paper on acute putrid abscess 
of the lung in 19386, the results of 227 cases of pulmonary abscess treated 
by the medical or surgical departments of the University Hospital at 

. Ann Arbor, Michigan, between the years 1926 and 1937 were studied 
by Shaw and Blackman with Neuhof’s views in mind. It was found 
that forty-nine or 21.6 per cent of these patients were alive and well as a 
result of nonsurgical treatment. This percentage compares very closely 
with other reports in the recent literature. There was a mortality of 30 
per cent in the group of cases treated by medical measures alone. Of 
138 cases in which surgical drainage was required, eighty-four or 59.4 
per cent were alive with fifty-five of those being classified as definitely 
well. The surgical mortality was 40.6 per cent. The general mortality 
for the whole group of 227 cases was 35.7 per cent. The policy during 
the period studied was not to drain pulmonary abscesses surgically until 
medical measures, including postural and bronchoscopic drainage and 
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sometimes crushing of the phrenic nerve, had failed to bring about a 
eure. It was found that only five of the 138 patients operated upon were 
improved by the previous medical regimen. The condition of seventy- 
seven was approximately the same as when admitted to the hospital 
and fifty-six were definitely worse. The two-stage technique of surgical 
drainage was used routinely. Careful studies, however, indicated that in 
more than 80 per cent of the eases drained there were adequate adhesions 
for drainage at the time of the first stage procedure. As a result of this 
study the section of thoracie surgery at the University of Michigan Hos- 
pital was convinced of the soundness of Neuhof’s position and has fol- 
lowed his principles closely in the management of its cases, as has the 
author in his own practice. Due to the lack of confirmatory evidence in 
the recent literature that early drainage in one stage will bring about 
a high percentage of cure and a low mortality in the handling of pul- 
monary abscesses, the author has reviewed his experience with forty- 
nine cases treated in the last two and one-half years. 

The prineiples of Neuhof are at variance with the accepted method 
of handling pulmonary abscesses in two main points. First, Neuhof 
advocates drainage of an abscess as soon as the diagnosis has been estab- 
lished unless the course of the disease is progressing satisfactorily toward 
a cure. Second, he maintains that, since abscesses are peripheral in the 
pulmonary lobes and since adequate adhesions are produced early in a 


small area exactly overlying the center of the abscess by the underlying 
pulmonary inflammation, drainage can be carried out safely in a one- 
stage operation with the removal of a short length of only one rib. 


The principal disadvantages of the routine use of a two-stage pro- 
cedure in draining pulmonary abscesses are: (1) The necessity for two 
operations instead of one, (2) the danger of spread of the infection 
from inefficient coughing and expectoration because of the pain of the 
first-stage wound, (3) the necessity for removing long lengths of more 
than one rib so that an adequate window can be prepared, (4) the fre- 
quent occurrence of pleural effusions with toxic manifestations ~ hich 
may further delay the drainage procedure, and (5) the tendency not to 
insist upon accurate localization of the abscess and the subsequent drain- 
age of the abscess through normal pulmonary tissue. In the study of 
the causes of death in the series of cases at the University Hospital in 
Ann Arbor it was found that seven of the fifty-five deaths occurred after 
the first stage before the actual drainage of the abscess was carried out. 
The causes of death were hemoptyses (two cases), atelectasis (two cases), 
pneumonitis and undrained abscesses (two cases), and empyema (one 
ease). All of these patients might have recovered if the abscesses had been 
drained at the initial operation. In order to prove that the routine use 
of the two-stage technique is a superior method to the one-stage tech- 
nique, it must be shown that the two-stage operation results in a lower 
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mortality and a lower morbidity. Reports in the recent literature and 
personal communications with the advocates of the two-stage technique 
do not seem to bear out this fact. 


The one-stage procedure demands accurate localization of the abscess 
in relation to the chest wall. Intercostal tenderness is the most accurate 
localizing sign. It is always present with acute abscesses but may not 
be present with chronic ones. The presence of dullness to pereussion, 
amphoric breath sounds, and egophony also aid in determining the loca- 
tion of an abscess. Anterior-posterior and lateral roentgenograms of the 
chest are essential in determining the exact position and extent of the 
abscess. The routine roentgen film is made with the chest in full in- 
spiration, which is not the case on the operating table. Inspiration 
lowers the abscess in relation to a given rib so that a safe rule to follow in 
choosing a rib for resection from study of the roentgen film is, when in 
doubt, choose the higher rib of the two considered. Bronchoscopy is of 
great aid in determining the segment of a lobe in which an abscess is 
present. In draining posterior abscesses, particularly those in the apices 
of the lower lobes, it must be kept in mind that approximately the medial 
half of the lung field lies under the sacrospinalis muscle and thus all the 
rib resection may have to be medial to the angle of the rib. At times the 
corresponding transverse process of the vertebra may have to be removed 
in order to enter the wall of the abscess at its thinnest portion. 

The author finds himself in complete agreement with the view that 
adequate adhesions are present in almost every case and that abscesses 
can be drained safely in a one-stage procedure. When a thoracotomy 
window has been prepared over the chosen site with the removal of a 
short length of one rib and one or both adjacent intercostal bundles with 
their vessels and nerves, the pleura is examined for signs of pleural ad- 
hesions. More of the same rib or a small portion of an adjacent rib 
may have to be removed if the original rib resection has not been cen- 
tered over the abscess. Opacity of the parietal pleura and palpation of 
the underlying indurated lung will reveal the location of the abscess. 
Resection of long lengths of one or more ribs is not only unnecessary but 
hazardous, in that the free pleural space is more likely to be entered 
and the chest wall is needlessly softened. Instead of removing a disk 
of pleura the author prefers cautiously to make an incision 1 em. in 
length in the parietal pleura. The borders of the opening that results 
are gradually pushed back and the pleura stretched by blunt dissection. 
If at any point the free pleural space is entered, a mattress suture is 
placed at this point to seal the opening. The pleural incision is then 
extended further in another direction until an opening approximately 
2 em. in diameter has been made. The patient is then asked to cough in 
order to further test the adequacy of the adhesions. The aspirating 
needle is introduced into the indurated lung to locate the cavity and to 
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determine the thickness of its wall. Thin-walled abscesses either acute, 
or chronic, are opened by the scalpel or the scissors. The contents of 
the abscess are removed by suction and the interior of the cavity ex- 
amined for recesses and undrained pockets. No attempt is made to 
unroof completely the cavity, as such a procedure tends to exteriorize the 
cavity and makes the possibility of persistent bronchial fistulas greater. 
In the ease of thick-walled chronic abscesses the actual cautery is pre- 
ferred in opening into the cavity. When the actual cautery is used, it is 
not necessary to make a large opening into the abscess since the subse- 
quent sloughing of the resultant eschar will usually provide adequate 
drainage. At the conclusion of the operation the abscess cavity is packed 
with gauze moistened in normal saline solution. 

In eases in which, during the preparation of the opening through the 
parietal pleura, the free pleural space is entered and a pneumothorax 
of some magnitude results, the parietal pleura should be immediately 
stitched to the underlying lung with mattress sutures so as to seal the 
opening. The air should then be aspirated from the pleural space. If 
the opening into the pleural space is effectively closed, drainage can be 
carried out at this time. There are cases in which in spite of the most 
eareful attempts at localization the thoracotomy site is placed far afield 
and an underlying free pleural space is evident. If upon further re- 
consideration of the case better localization cannot be made, it is per- 
missible cautiously to open the pleura, allowing a pneumothorax to re- 
sult. If the adhesions are found at some distance from the thoracotomy 
window, the wound should be closed layer by layer. If there is need for 
immediate drainage, the air can be aspirated from the chest and a new. 
drainage incision made at the site of the adhesions. In such eases in 
which the abscess is drained immediately following the opening and 
closure of a free pleural space, complete obliteration of the free pleural 
space by frequent aspirations of air or/and fluid should be obtained 
within twenty-four hours of the drainage procedure. 

The free pleural space was accidentally opened and immediately 
closed by mattress sutures seven times in this series. In all cases the ab- 
scesses were immediately drained. No empyemas or complications in- 
cident to the suturing of the lung occurred. All of these patients are 
now well. In three cases thoracotomy windows were made far from the 
actual location of the abscesses and the pleural space was deliberately 
opened. In two such cases the drainage was carried out at a later date. 
In the third ease, however, the patient had a spreading pneumonitis and 
frequent hemoptyses so that drainage was carried out at once at the 
new site. The patient died on the nineteenth postoperative day due to 
gangrenous extension of the pulmonary process. 

There were thirty-eight one-stage drainage procedures performed 
upon twenty-eight patients (in three patients there were three drain- 
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ages in four patients two drainages for multiple abscesses). In no ease 
was the drainage wound more than superficially infected. One empyema 
oceurred as a complication. This occurred in a patient having multiple 
abscesses in which at a secondary operation the pleural space was entered 
purposely because it was found that the localization had been inae- 
curate. No pulmonary tissue was opened. Vigorous aspiration of the air 
from the chest was not carried out, and an empyema resulted, requiring 
subsequent drainage. This case later required pneumonectomy. The 
author does not feel that the occurrence of one empyema in a series of 
thirty-eight abscesses, each drained in one stage, is an indictment of this 
procedure. It is felt that the one-stage procedure with its necessity for 
small, accurately placed windows is definitely a safer procedure than the 
routine two-stage technique. 

The author has not encountered an abscess pointing solely upon the 
diaphragm or the mediastinum. In such a ease, if no emergency existed, 
two-stage technique should be used. An area of the pleura along the 
chest wall at a point as close as possible to the abscess should be made 
adherent and the abscess cavity opened at a later date. The actual cau- 
tery should be used to open the cavity since normal lung tissue will 
have to be traversed. An abscess that points on an interlobar fissure 
without being in contact with the chest wall also should be drained with 
two-stage technique. In such a case, however, after adhesions have been 
formed over the interlobar fissure by the gauze pack introduced at the 
first stage, the fissure can be opened by blunt dissection. During this 
maneuver the operator will almost invariably break into the abscess 
cavity. In cases of emergency abscesses not pointing on the chest wall 
ean be drained in a one-stage procedure by sealing off the free pleural 
space with an encircling double row of mattress sutures—a technique 
described by Neuhof.’ 

The postoperative course is somewhat determined by the age of the 
abseess. In acute single abscesses there is immediate cessation of cough- 
ing and rapid return of the temperature to normal. The pack is usually 
removed on the fourth or fifth day following operation, and then the 
abscess cavity is packed daily until the chest wall opening has become 
so small that packing becomes difficult. At this time a rubber tube, ap- 
proximately 1.5 em. in diameter and just long enough to reach the pari- 
etal pleural surface, is used to maintain drainage. In eases in which the 
cautery has been used to open into the abscess cavity the charred tissue 
will begin to separate in five to six days. No attempt is made to remove 
forcibly the eschar since this might produce hemorrhage. Patients hav- 
ing chronic abscesses, due to complicating bronchiectasis or daughter 
abscesses in the wall of the main abscess, may continue to raise sputum 
even though the abscess has been adequately drained. If, however, the 
sputum very quickly becomes mucoid in character, and the fever gradu- 
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ally recedes, the outcome can be considered as favorable. If the sputum 
remains foul, residual undrained pockets or cavities are present. It is 
essential to maintain drainage until the cavity has become obliterated 
and the fistulas have closed. Any attempt to remove the drainage tube 
from the chest wall prematurely will result in leaving an epithelized 
defect in the lung which, although it may not cause trouble for some 
time, will eventually become reinfected, causing cough, expectoration, 
and perhaps hemoptyses. Acute abscesses which have been surgically 
drained heal promptly. Irequently the drainage tube may be removed 
early, permitting the wound to heal within six to eight weeks. Chronic 
abscesses, however, may close extremely slowly. Persistent drainage 
for a period of months will allow some of them to heal completely. Oth- 
ers will remain open, in which event plastic operations of some type will 
be necessary to close the bronchial fistulas and residual abscess cavity. 

The recording of results following the treatment of a pulmonary ab- 
scess requires a strict evaluation of the residual pulmonary condition. 
A patient may have normal temperature, little or no sputum, and an 
apparently negative x-ray examination of the chest and still not be 
eured. Franklin’ has shown with bronchograms that pulmonary de- 
feets often remain following apparent spontaneous healing of pulmonary 
abscesses. Amberson® has studied cases having abscesses apparently 
healed for seven to eight years. Quite regularly he found residual 
cavities and bronchiectasis. He pointed out that these cases are likely 
to have reeurrerces, hemoptyses, and slow convalescence from ordinary 
respiratory infections. In fact, the most exacting criterion of cure fol- 
lowing recovery from a pulmonary abscess is the ability of a patient to 
have a common cold and recover from it without coughing. Healing 
‘following the surgical drainage of an acute putrid abscess will not leave 
residual symptoms, and, if drainage has not been prematurely discon- 
tinued, there will be no recurrence. Patients having subacute and 
chronie abscesses who have apparently recovered following surgical 
drainage or nonsurgical treatment very often must be classified as merely 
improved due to the presence of residual pulmonary defects and bron- 
chiectases. The physician must bear in mind that these patients prob- 
ably will have continued symptoms from the resulting damage to the 
lung. The less satisfactory cases in this improved group should be 
considered for major pulmonary surgery, i.e., lobectomy or pneumonec- 
tomy. 

Since nonsurgical and surgical measures are not antagonistic, but com- 
plementary, in the treatment of abscesses the results that are significant 
are the total percentage cured and the total mortality in an unselected 
series of cases. Prolonged nonsurgical treatment is always reflected in 
a high surgical mortality. Likewise, the rejection of cases for surgery 
because of the poor operative risk they present will obviously make the 
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nonsurgical mortality high. My series of cases (Table I) represents 
forty-nine unselected cases seen in the last two and one-half years. 
There have been seven deaths (14.3 per cent); thirty patients (61.2 
per cent) are well; twelve (24.5 per cent) are improved. Six of these 
- improved patients have bronchial fistulas as the result of surgical drain- 
age but are otherwise well. Some of the more recent cases will un- 
doubtedly be later classified as well. Others in this group will have 
persistent fistulas unless a plastic procedure is carried out to effect 
closure of the wound. Two eases in this series eventually had pulmonary 
resections. The entire right lung was removed in one ease and the right 
lower lobe in the other. The case having the total pneumonectomy for 


TABLE [ 


RESULTS IN FORTY-NINE UNSELECTED CASES 


NO. OF WELL 
CASES NO. % TEPROVED NO. % 
Nonsurgical 16 i 68.8 3 2 12.5 
Surgical 33 19 57.6 9 5 15.2 
Total 49 30 61.2 12 7 14.3 


*Bleven of forty-nine patients (22.5 per cent) are well from nonsurgical measures. 


TABLE IT 


RESULTS OF SURGERY IN ACUTE, SUBACUTE, AND CHRONIC ABSCESSES 


KIN AGE OF N WELL DEAD 
ND or | AGE. OF NO. OF |__ 
ABSCESS | ABSCESS CASES | NO. % No. | % 
Acute Under 6 weeks 8 8 100 0 0 0.0 
Subacute 6 weeks to 6 months 9 6 66.6 2 1 11.1 
Chronic Over 6 months 16 3 18.8 9 4 25 


multiple abscesses is classified as improved because of a_ residual 
empyema which will need to be closed by a thoracoplasty. The patient 
requiring lobectomy is well except for minimal cough productive of 
mucoid sputum. Both of these patients had had abscesses drained, but, 
because of the widespread abscesses, removal of the damaged portion of 
the lung was necessary. In spite of the hazards of lobectomy and pneu- 
monectomy in the presence of pulmonary abscesses these procedures will 
undoubtedly find greater favor in the future in eases in which it is im- 
possible to drain completely all the abscesses or in eases in which persist- 
ing large defects in the lung, that are unsuitable for plastic closure, 
remain after drainage. Five patients had putrid empyemas complicat- 
ing the pulmonary abscess at the time they were first seen. Drainage 
of the empyema resulted in cure in every case. Eight patients, all 
having single abscesses, were drained surgically within six weeks of the 
onset of their infection. No complications occurred and all of these 
patients are now well. The mortality increased, and the percentage 
of cure decreased in the patients having subacute and chronic abscesses j 


(Table IT). 


- 


460 THE JOURNAL OF THORACIC SURGERY 


There were seven deaths. Two of these occurred in the nonsurgical 
group of eases. An elderly diabetie woman who had a spreading gan- 
grene of the left upper lobe died suddenly of a severe pulmonary hem- 
orrhage. The second case, a young man who developed an abscess fol- 
lowing amputation of some lacerated fingers, had two bronchoseopies 
and seemed to be progressing toward a cure until he developed a cerebral 
abscess and died within five weeks of the onset of his disease. There 
were five deaths in the surgical group. None of these deaths were di- 
rectly due to the surgical intervention. Three patients, all having 
multiple abscesses, died of spreading pneumonitis following drainage of 
one of the many abscesses. One patient died of a hemorrhage following 
a secondary cauterization for multiple abscesses around the main ab- 
seess. The fifth ease, an elderly diabetic patient, had a severe gan- 
grenous process in the right upper lobe, causing foul bloody expec- 
toration. A large abscess was drained and packed with gauze, but this 
failed to stop the hemorrhage. The only two patients having diabetes 
in this series died of their disease—both from hemorrhage. This is in 
agreement with the experience of Jackson and Judd® that a putrid ab- 
seess occurring in a diabetic patient is an extremely dangerous lesion 
which probably should be drained surgically as soon as the diagnosis 
has been made. 


The recent literature indicates that there has been some general ac- 
ceptanee of Neuhof’s advocacy of early drainage. The hazard of a too 
prolonged period of waiting for the abscess to heal with the subsequent 
dangers of secondary abscesses, bronchiectasis, hemorrhage, and cerebral 
abscess has been pointed out repeatedly. Rosenblatt!® and Sweet" have 
separately reported the past experiences in the institutions in which they 
worked, and both came to the conclusion that, if results are to be im- 
proved, abscess cases will have to be subjected to earlier surgical drain- 
age. Heuer’? recently reviewed the trends in treatment and concluded 
that during the past two decades the reliance on nonsurgical measures 
resulted in an increased morbidity and mortality. In many cases in 
which the abscess has reached the subacute or chronie stage, especially 
when multiple abscesses are present, improvement in the condition of the 
patient is about all that can be expected of any method of treatment. 
Absecesses very frequently reach the stage of chronicity in spite of the 
most assiduous application of postural and bronchoscopic drainage. 
Drainage of the acute putrid abscess, however, leads generally to one 
of two results—cure or death. Neuhof has shown that the mortality is 
amazingly low when the operation is carefully performed. Except for 
those rare cases in which a complication results, contributing to con- 
tinued morbidity, the surviving patients remain well. Thus it appears 
that in waiting for one of five patients to recover on a nonsurgical 
regimen the opportunity to cure the other four is likely to slip by. Men 
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specializing in the treatment of surgical diseases of the chest are still 
seeing far too many patients who have subacute and chronic pulmonary 
abscesses. 

The location of the abscess within the lung field has an important 
bearing on the question of continuing conservative measures. Abscesses 
in the extreme apices of the upper lobes rarely require surgical drainage. 
Middle lobe abscesses are readily accessibie for bronchoscopic aspiration 
and may heal promptly following one application of this procedure. 
Abscesses in the upper third of the lower lobes do poorly with nonsur- 
gical measures and probably should be drained surgically as soon as they 
are diagnosed. Abscesses located in the dorsal position in the upper lobes 
and in the bases of the lower lobes are also unfavorable for spontaneous 
healing. Abscesses in the ventral portions of the upper lobes are treach- 
erous in that bronchial drainage may be sufficient to relieve toxicity but 
not good enough to allow healing so that, unless the physician is on 
guard, a chronic abscess may result. 

The important role of bronchoscopy as an adjunct in the treatment 
of pulmonary abscesses cannot be denied. In many eases it is necessary 
to rule out the presence of a neoplasm or a foreign body in the bronchus. 
In certain early eases bronchial drainage of an abscess is so improved 
by even one bronchoscopic aspiration that spontaneous healing rapidly 
takes place. In other cases, however, if there is no doubt as to the diag- 
nosis, such considerations as the size and position of the abscess, chron- 
icity, hemoptyses, and the general condition of the patient may make 
the use of this procedure inadvisable. The results of bronchoscopic 
aspiration in any given case are unpredictable so that unqualified re- 
lianee upon this form of treatment may lead to disaster. Jackson and 
Judd’ in an unselected series of 115 cases treated at the Jackson Clinic 
reported a general mortality of 36 per cent. Forty-five per cent of their 
cases were classified as well. They do not now advocate prolonged use of 
bronchoscopic drainage in cases not progressing satisfactorily toward 
a cure and blame too long delay of surgical drainage for the majority 
of the deaths. In my own series, all of the nonsurgical cases and twelve 
of the thirty-three surgical cases had one or more bronchoscopic treat- 
ments. 

There is general agreement that routine crushing of the phrenic nerve 
on the involved side is not advisable. The use of this procedure in a 
patient raising much sputum and running a high fever may make cough- 
ing and expectoration difficult and thus be actually harmful. Tempo- 
rary paralysis of the diaphragm can be of aid, however, (1) in cases that 
have healed spontaneously as prophylaxis against recurrence, (2) in 
eases having small acute abscesses when expectoration is easy and little 
or no fever is present, (3) following surgical drainage when there are 
multiple abscesses surrounding the main cavity, and (4) in closing 
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large pulmonary defects following surgical drainage. Crushing of the 
phrenic nerve was carried out in seven of my cases during the period of 
conservative treatment. Two were cured; three improved ; and two later 
required drainage. In four cases the nerve was crushed following 
surgical drainage of the abscess. 


During the period of nonsurgical treatment, especially if the abscess 
is acute, roentgenological examinations of the chest should be made once 
a week and more often if a sudden change in the course of the disease 
should occur. If at any time the abscess appears to be larger or sta- 
tionary, surgical drainage should be earried out. In certain cases an 
abscess will seemingly improve and then grow worse only again to show 
improvement at a later date. These abscesses that ‘‘wax and wane’’ 
seldom heal satisfactorily. They should be drained surgically before 
multiplicity and chronicity become established. No time limit can be 
arbitrarily set for the application of nonsurgical measures. Many ab- 
seesses must be drained surgically within a very few days after onset as 
a lifesaving measure. Others, because of an apparent spontaneous re- 
covery and a subsequent flare-up, will require drainage weeks or months 
following onset. The important consideration is that the abscess should 
be drained while it is still a single abscess and while there is little de- 
struction of the surrounding tissue. The mortality was only 5 per cent 
in the surgical eases of my series in which a single abscess was present 
as contrasted with 30.8 per cent in patients having multiple abscesses 
(Table IIT). 

TABLE IIT 


RESULTS OF SURGERY IN SINGLE AND MULTIPLE ABSCESSES 


NO. OF WELL DEAD 

CASES NO. | % NO. | % 
Single abscess 20 16 80 3 il 5 
Multiple abscesses 13 3 23.1 6 4 30.8 


CONCLUSIONS 


Abscess of the lung is essentially a lesion that should be treated by 
surgical drainage. Since, however, about 20 per cent of abscesses will 
heal spontaneously by bronchial drainage, it is permissible to treat an 
acute abscess by nonsurgical methods as long as the progress is steadily 
progressing favorably toward a cure. If at any time in the course of 
the disease there is a tendency for the abscess to become stationary or to 
enlarge, surgical drainage should be instituted immediately. Transition 
from nonsurgical to surgical treatment has seemed to be the pitfall in the 
handling of these cases in the past. The mortality is low and the per- 
centage cured high if surgical drainage is performed for acute single 
abscesses. Results are poor in subacute and chronic abscesses regardless 
of the treatment used. Pulmonary abscesses can be safely drained by a 
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one-stage operation as long as localization of the abscess is carefully 
earried out. Lobectomy and total pneumonectomy may at times be 
procedures of choice in dealing with multiple chronic abscesses. Mere 
improvement in the case of a patient having a pulmonary abscess is .an 
unsatisfactory result and will in almost every case lead to complications 
which in the end will cause the death of the patient. 
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DISCUSSION 


DR. HAROLD NEUHOP, New York, N. Y.—The necessity for precise localization 
of pulmonary abscesses if a one-stage operation is to be performed was clearly 
pointed out by Dr. Shaw. 


Recently, in addition to the various methods of localization by roentgen examina- 
tion, Dr. Coleman Rabin of Mount Sinai Hospital has devised an ingenious method 
which offers an invaluable guide to the exact situation of the abscess. It consists 
essentially of the injection of a mixture of small amounts of methylene blue and 
lipiodol into the intercostal space at the assumed site of contact of the pulmonary 
abscess with the thoracic parietes and the study of the injected ‘‘spot’’ in relation- 
ship to the abscess in roentgenograms taken in various positions. If the ‘‘spot’’ 
is immediately over the abscess, the methylene blue tract is traversed to the abscess. 
If not in immediate relationship to the abscess, its distance from the abscess is 
measured on the film, the methylene blue tract is exposed for guidance, and the 
abscess is exposed the measured distance away from the ‘‘spot.’’ 

By the use of this method, Dr. Touroff and I have noted in the last year or 
two a great precision of approach to the pulmonary abscess. As a result, there 
is encountered frequently the definite bulge of the abscess against the thoracic 
parieties, the center of the abscess so’ to speak. Whereas heretofore I have been 
usually satisfied to enter the pulmonary abscess through adhesions between the 
visceral and parietal pleura, I have now come to feel that this bulge of the abscess 
itself should be encountered whenever possible in order to obtain direct drainage 
through the thinnest shell of pulmonary tissue. 
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As has been said by Dr. Shaw, precision in the operative procedure should follow 
precision in localization, and one can say that, with meticulous precision in operative 
procedure, the vast majority of pulmonary abscesses can be unroofed adequately 
without entering of the pleura. Two-stage operations have become fewer and 
fewer in our hands. 

It may be of interest to refer briefly to a recent analysis of all the operative 
cases of acute putrid pulmonary abscess in our experience, with reference to results. 
There was a total of 127 patients with four deaths. Complete healing and freedom 
from recurrence was the usual sequel of operation. This does not, of course, mean 
that all of the patients who have recovered from operation are alive today, for there 
have been several deaths from various unrelated causes. Taking it by and large, 
all patients whe have recovered from operation are essentially well of their pulmonary 
lesion, and this refers to a complete follow-up over a period of many years. 


DR. EDWARD D. CHURCHILL, Boston, Mass.—The kernel of the whole dis- 
cussion is the fate of abscesses under six weeks’ duration that are operated upon 
by a one-stage operation. I must confess that Dr. Shaw’s figures were presented 
so rapidly that I could not follow this point. Will he please indicate whether the 
eight cases, drained before six weeks and on which his conclusions are based, were 
operated upon in a one-stage operation? 


DR. RICHMOND L. MOORE, New York, N. Y.—I am in agreement with most 
of the points that Dr. Shaw has made. I believe that it is of great importance 
to establish free drainage in the early stages of a lung abscess and that the com- 
plications which develop in the cases of longer duration are primarily due to 
inadequate drainage. 

I think it is a mistake to speak of acute, subacute, and chronic abscesses, because 
these terms do not have exact meanings and have caused a lot of confusion in the 
minds of some of us, at least. 

I think the important distinction to make is whether you are dealing with an 
uncomplicated or a complicated abscess, and by an uncomplicated abscess I mean 
a single abscess which is unassociated with empyema, notable fibrosis, bronchiectasis, 
or other serious complications. 

The results of surgical treatment of these cases are very much better than the 
results in the complicated cases which, with the exception of some of those com- 
plicated by empyema, are the cases of longer duration. 

So I think it is of more importance to emphasize the difference between the 
uncomplicated and the complicated abscess rather than to use the terms ‘‘acute’’ 
and ‘‘chronic.’’ Some abscesses become complicated in the early stages of the 
disease; others that drain well will go for a long period of time without developing 
serious complications. 

Furthermore, the clinical differentiation between the two varieties of abscess on 
the basis of a time factor necessitates the selection of a certain day for the begin- 
ning of every abscess. In some instances the history of onset is so vague that it 
is impossible te determine with any accuracy when the abscess originated. 

It also puts one in the absurd position of having to say that an abscess is acute 
one day and chronic the next. I prefer to separate the cases into the uncomplicated 
and the complicated groups and to make the distinction on the basis of pathology 
rather than to make an artificial distinction between the two types of cases on the 
basis of a time element. 


DR. CARL EGGERS, New York, N. Y.—I believe surgeons with experience in 
thoracic disease have always been inclined to operate for abscess of the lung at a 
reasonably early time without fixing any definite period, and I do not see why it 
is necessary to state that operation should be done within six weeks of onset. 
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There is no doubt that operation has frequently been delayed because a differ- 
ential diagnosis between an abscess and other forms of intrapulmonary suppura- 
tion was not definitely established, and it was hoped spontaneous cure might result. 
It is a common observation that many of the less severe cases do clear up spon- 
taneously, aided by postural drainage or bronchoscopic treatment. In order to 
avoid undue delay in operating, I believe patients with intrapulmonary suppuration 
should be under observation of a surgeon as well as a physician. With a persisting 
shadow and signs and symptoms suggesting breaking down of tissue or an abscess 
with fluid level, operation is indicated. 

There is apparently considerable variation in the manifestation of intrapulmonary 
suppuration as reported from different clinics. Much seems to depend on the 
type of patient admitted. Hospitals drawing their material from districts near 
the water front, where immersion is not uncommon, or dealing with alcoholic or 
other patients who may not practice mouth hygiene, are liable to have a high 
incidence of intrapulmonary suppuration, and the infection is likely to be severe 
in character. The resistance of such cases is also usually low. 

In hospitals which draw their cases from a different social stratum, on the 
other hand, and whose patients are generally in better physical condition, who keep 
themselves clean, and practice daily mouth hygiene, intrapulmonary suppuration, 
whether it develops insidiously or is postoperative in character, is likely to run a 
milder course and offers a better chance of spontaneous cure. 

Our hospital belongs to the latter class; not only do we have a low percentage 
of lung abscess cases, but most of those which we do treat have not developed in 
our hospital, but are referred from the outside. They are usually subacute or 
chronic cases. The opportunity to operate on a lung abscess within six weeks of 
onset is rarely presented. 

A careful study of our material of intrapulmonary suppuration made some years 
ago impressed on us the importance of prophylaxis. In this discussion today I 
should like to stress the prevention of intrapulmonary suppuration in surgical cases, 
rather than the operation. This may be accomplished by well-selected preliminary 
medication, adequate protection against vomiting during anesthesia, the avoidance 
of aspiration of secretions, and control of bleeding during mouth operations. In 
case aspiration has occurred, bronchoscopic suction treatment is indicated. 

For many years we have practiced preoperative oral hygiene, and we have the 
feeling that intrapulmonary infection, which leads to abscess formation, can be 
diminished by such treatment. 


DR. LEO ELOESSER, San Francisco, Calif—I should like to ask Dr. Shaw 
what criterion he has for the diagnosis of abscess. Does he consider that the 
abscess begins at the time at which a fiuid level is demonstrable? And how does 
he know that the abscess is present? 

T should like to ask him further exactly what he means by a ‘‘ multiple abscess.’’ 
Does he mean a multilocular abscess with many branches, a coral-like projection, or 
does he mean one or more multiple abscesses scattered through the lung? 


DR. ROBERT R. SHAW.—I should like, first, to thank Dr. Neuhof for his 
remarks. 

In response to Dr. Churchill, all of the acute abscesses were drained by a one- 
stage procedure. Only in two cases in the entire group were two operations used 
to drain a single abscess. In those cases, by opening the free pleural space, I 
found that the wound was far from the actual location of the pleural adhesions. I 
actually did a one-stage drainage, except that I had to do two separate operations 
because of failure to find adhesions at the first operation. As a matter of fact, I j 
believe it is easier to go through the adhesions formed by an acute abscess than 
through those of a chronic abscess. In an acute abscess, the overlying parietal 
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pleura is edematous and thick, and the adhesions have a gluelike consistency. I 
am more afraid of entering the free pleural space in going through the adhesions 
over a chronic abscess, unless it is very large, than I am in going through the 
adhesions formed by an acute abscess. 

I agree with Dr. Moore that an uncomplicated and complicated classification 
would be better. I broke down the series into single and multiple abscesses, I 
could have said under ‘‘ multiple abscesses,’’ abscesses complicated by the presence 
of other abscesses and bronchiectasis. I feel the chief consideration is not so 
much the time element as it is that the abscess is uncomplicated. We all see 
abscesses, that apparently have cleared, flare up later. At the time of the flare-up, 
I believe they are acute as far as the surgical problem is concerned. As long as 
much tissue has not been damaged, they heal as an acute abscess. 

In response to Dr. Eggers’ remarks, fluid levels, in my experience, are difficult 
to find in the roentgen studies of many proved abscesses. As a matter of fact, 
in two-thirds of the abscesses I have seen, I have never been able to find a fluid 
level in even heavy-technique x-rays. Chronic abscesses, especially, are filled with 
inspissated material, and, at the time of opening them, one can well see why there 
was no fluid level. The material within the abscess is squeezed out much like paste 
from a toothpaste tube. The pus gets out through the swollen, stenotic bronchus 
but no air gets back in, so there is no fluid level. How one can differentiate between 
a shadow cast by a choked abscess and one cast by an indurated region in the lung, 
I do not see. As far as cases incorrectly diagnosed are concerned, there were none 
in the eases operated upon. Pus was found in an abscess cavity in every case. 
I do believe it would be more open to doubt that some of the cases that healed 
spontaneously were abscesses, although in all of the cases the fusospirochetal 
group of organisms were found in the sputum. In all of these cases there was 
sufficient reason to believe they were putrid pulmonary abscesses. 
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LARYNGOSCOPIC AND BRONCHOSCOPIC ULTRAVIOLET 
LIGHTS FOR TREATMENT OF TUBERCULOSIS 
OF THE RESPIRATORY TRACT 


D. Crim, M.D. 
EVANSVILLE, INp. 


LTRAVIOLET radiation has a bactericidal action which is super- 

ficial. However, Peck and Luck! have demonstrated that an 
exposure of ultraviolet radiation, which will cause a standard degree 
of erythema on the labial mucous membrane of the mouth, is about 
three-fourths of the amount necessary to produce a similar reaction 
on the skin of the same person. The laryngoscope and bronchoscope 
offer a method of direct application of ultraviolet light to tuberculous 


Fig. 1.—A, Photograph of cold quartz ultraviolet light, with fenestrated end for in- 
sertion in bronchoscope. B, Photograph of cold quartz ultraviolet light, with fenes- 
trated end for insertion in laryngoscope. 


lesions of the respiratory tract. The difficulty which confronted their 
use, especially in the lower bronchi, has been the depth to which one 
must direct the violet rays. A cold quartz rod has been developed 
which will reach beyond the lower end of the bronchoscope. In order 
to prevent breaking of the thin quartz rod, it was necessary to cover 
the entire rod with a sheath of silver. The lower end was fenestrated 
to permit exposure of light and at the same time to give stability to 
the instrument. Fig. 1A shows a cold quartz ultraviolet light with 
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fenestrated end for insertion in either a 7 or 8 mm. by 40 em. broncho. 
scope. Fig. 1B shows a cold quartz ultraviolet light with fenestrated 
end, which can be inserted in either a 12 or 16 mm. laryngoscope. The 
quartz rod is energized through an A.C. transformer. 


Al a 


Fig. 2.—A-I, Photograph of therapeutic ultraviolet lamp inserted in bronchoscope, 
8 mm. by 40 cm. B-I, Photograph of therapeutic ultraviolet lamp inserted in laryn- 
goscope, size 16 mm. 


It is necessary to have the patient quiet during the treatment, the 
duration of which may be from one-half to two minutes. If this ecan- 
not be facilitated with local application of cocaine, evipal or pentothal 
sodium intravenously is satisfactory. It suffices to say at present that 
far-advaneced eases of tuberculosis, with severe laryngeal ulcerations, 
obtain marked alleviation of pain after the direct application of ultra- 
violet radiation. 
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Notice 


The annual meeting of the American Association for Thoracic Surgery 
which was scheduled for May 15-16 has been indefinitely postponed. 
The present officers and members of the Council will continue in their 
positions until the next annual meeting is held. 

The Rose Lampert Graff prize will not be awarded this year. 

Ricuarp H. Meapk, JR., 
Secretary 


